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ABSTRACT

DNA profiling is an effective method of identifying individuals in forensic casework.
In sexual assault cases in particular, male donor DNA can be genotyped using Y
chromosome short tandem repeat (Y-STR) analysis even in the presence of significant
levels of female DNA. The recently released recommended national standard for sexual
assault evidence collection from the victim is within 5 days after the sexual assault, with
the probability of obtaining a male DNA profile diminishing significantly thereafter due to
degradation and/or loss of sperm. The present study was designed to develop a method of
obtaining a highly probative DNA profile with minute amounts of input male DNA through
nested PCR. In this method, the DNA is first pre-amplified with custom designed primers,
purified, and then re-amplified with a commercial secondary kit to amplify the preamplified products. In this way, trace amounts of male DNA are able to be amplified
robustly, and the sensitivity (i.e. limit of detection) is greatly improved over a single
amplification. Past studies conducted by the UCF NCFS Biology laboratory developed this
method for the AmpFlSTR® Yfiler™ kit, which included 17 loci. This study aimed to improve
the utility of the method by increasing the pre-amplified loci to include the Yfiler™ Plus PCR
Amplification kit, which comprises 27 loci. The best kit to use for the pre-amplification was
empirically determined, followed by optimization of the pre-amplification reaction via
changes to primer concentrations and PCR cycling parameters. To verify that only male
DNA was amplified, the new nested PCR method was tested with trace male DNA, female
DNA, various mixture sets, environmentally compromised samples, and touch DNA. Using
what is now termed the Y targeted pre-amplification (YTPA-v2) method, discriminatory Yiii

STR profiles were successfully recovered from as little as 5 pg (i.e. < 1 human diploid cell
equivalent) of male DNA, even in the presence of male DNA from a different contributor or
large quantities (up to 100,000 fold excess, i.e. 500 ng) of female DNA.
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CHAPTER ONE: INTRODUCTION
In the United States, hundreds of thousands of sexual assault cases occur every year.
The National Crime Victimization Survey (NCVS) for 2018 reports that 734,630
rapes/sexual assaults occurred that year, or 2.7 sexual assaults per 1000 people in the US.
However, only 24.9 percent of those sexual assaults were reported to the police [1]. When a
sexual assault has been reported, the victim is examined by a sexual assault nurse examiner
(SANE). These nurses have specialized training in performing examinations for victims in
sensitive situations. While prioritizing the health of the victim, the SANE collects
evidentiary swabs, body fluid samples, and evidentiary photographs to be used by
investigators [2]. The evidentiary swabs and body fluid samples, as well as any relevant
fabric samples are collected as part of a sexual assault kit (SAK), with an optimum interval
of 5 days post sexual assault [3]. Various studies have been conducted to determine how
late after intercourse and/or sexual assault male DNA can be detected in the vaginal canal.
While sperm may be detected in the cervix up to 12 days after intercourse or more, and in
the vaginal canal up to 9 days post-coitus [4, 5], the interval within which probative DNA
profiles can be obtained from vaginal swabs is much less. In controlled experiments in
which participants agreed to abstain from intercourse for 7 days prior to the study, full or
nearly full profiles could be obtained from swabs collected up to 6 days post-coitus [6, 7].
In casework samples, in which conditions are not as controlled, DNA profiles may be
obtained from samples collected up to three days post-coitus [8-10]. In any case, the
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longer the time after intercourse (referred to as the post-coital interval), the lower the
quantity and quantity of male DNA obtained from the samples [6, 7, 10]. For this reason,
more sensitive DNA profiling techniques must be utilized in order to extend the interval
within which probative male profiles may be obtained.
Currently, a common method of analyzing DNA from sperm-positive sexual assault
samples is the use of differential extraction [11-13]. Differential extraction consists of first
lysing the female epithelial cell portion of the sample and extracting the female DNA, then
lysing the sperm portion with DTT and extracting the male portion of the DNA from the
sperm cells. With the successful separation of male and female components of a DNA
mixture through differential extraction, separate autosomal short tandem repeat (STR)
profiles can be developed for the male and the female contributor using the same DNA
sample through standard STR procedures [11]. Autosomal STRs consist of segments of DNA
found in the autosomal chromosomes in which a short (2 to 4 base pair) sequence is
repeated several times. A different number of repeats may be observed on each
chromosome in the pair, resulting in two allelic peaks in the STR profile, or the number of
repeats may be the same (one peak present). While obtaining separate STR profiles from
the same evidentiary sample is beneficial, standard differential extraction does present
some issues for forensic DNA analysts. Standard differential extraction may not sufficiently
separate the sperm and non-sperm portions of the DNA, resulting in potential loss of male
DNA from the sperm fraction. Such a lack of sufficient separation presents issues with new
and more sensitive DNA analysis techniques [12]. The loss of male DNA from insufficient
separation also presents concerns for extended interval sexual assault samples in which
the amount of male DNA is already much lower than in standard forensic laboratory

2

samples. Loss of what little viable sperm is present may result in loss of the STR profile for
the male fraction as a whole. Differential extraction is also time-consuming and difficult to
automate, which can contribute to backlogs in sexual assault evidence processing [13].
Differential extraction can only separate sperm and non-sperm DNA, but cannot separate
non-sperm male DNA from female DNA [11-13]. Faster and more efficient methods of
obtaining a profile from the male fraction may be beneficial for providing investigative
leads and preventing backlogs in sexual assault evidence processing.
The analysis of Y-specific short tandem repeats (Y-STRs) provides a way of
obtaining male DNA profiles in the presence of large amounts of female DNA without the
potential of losing significant portions of male DNA due to insufficient separation (no
separation of male and female fractions needs to be performed) as can occur in differential
extraction. Y-STRs, like autosomal STRs, consist of a segment of DNA in which a short
sequence is repeated several times. However, with only one Y-chromosome present, only
one allelic peak is observed for each locus, except in the case of multi-copy loci (same STR
sequence observed more than once on the DNA strand). Y-STR primers will not anneal to
female DNA, thus preventing female DNA from being amplified during Y-STR analysis. This
is a solution to the issue of large amounts of female DNA preventing the profiling of the
minor male component [4, 14, 15]. Not only is Y-STR analysis useful for male-female
mixture samples, but also in the case of male-male mixtures such as when multiple male
perpetrators are involved in the same sexual assault event. In cases in which stutter is
minimal, male-male mixture profiles can fairly easily be distinguished from each other, as
there is only one allelic peak (haploid) per male present in the profile, except at the multicopy loci [14]. However, for the same reason that mixture analysis is made simple, Y-STR

3

profiles are not as individualized as autosomal STR profiles. Also, while Y-STR analysis
improves recovery of profiles even from minute quantities of sperm or non-sperm male
DNA, allowing for profile recovery up to 4 days post-coitus [16], Y-STR analysis alone still
does not allow for recovery of male DNA profiles for samples collected 9 days post-coitus,
as is the observed interval in which sperm is detected in the vaginal canal [4, 5].
Standard DNA analysis methods do not allow for the recovery of probative profiles
from the trace amounts of male DNA obtained in samples collected after the recommended
post-coital interval has passed [6, 7, 10]. Often, the amount of male DNA left to amplify after
a certain point is low enough for the sample to be considered low copy number DNA (LCN
DNA) [7, 17]. Low copy number DNA samples consist of less than 100 pg of input DNA [1721]. With LCN DNA samples, special considerations and procedural changes often need to
be made in order to maximize recovery of true alleles while minimizing stochastic effects.
Table 1 provides a comparison of a few of the techniques that can be used to analyze LCN
DNA. The most common method currently used to analyze LCN DNA is increasing the PCR
cycle number to a few cycles above the standard protocol number of cycles (for example,
increasing from 28 to 34 cycles) [17-19]. In this way, more copies of the target DNA
sequence can be made before electrophoretic analysis, allowing for greater recovery of
allelic peaks up to a certain point. Increasing the cycle number too much can result in
excessive detection of contamination and stochastic effects such as stutter, making profile
analysis more difficult [17-19]. In addition to cycle number, alterations to annealing and
extension temperatures and times may also result in greater allele recovery for LCN DNA
samples [20].
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Post-PCR purification also allows for greater recovery of allelic peaks by improving
sensitivity and fluorescent signal intensity, even in the absence of alterations to the PCR
amplification procedure itself [6, 21, 22]. In this method, PCR products are purified using a
silica gel membrane similar to a silica-based column extraction. The DNA in the PCR
product binds to the silica gel membrane, and is able to be washed before being re-eluted
into solution [22]. Not only is the DNA purified in this way, but also concentrated, as the
volume of elution buffer is less than the volume of the PCR reaction mix. The effect is
greater signal intensity and thus improved detection of the DNA in the sample, as well as a
lack of potential inhibitors that might decrease the level of allelic recovery [21].
A third method for improving detection of LCN DNA, which, though the focus of this
study, is unconventional in forensic DNA analysis, is nested PCR [23-25]. Nested PCR allows
for the targeting of one or multiple DNA sequences through two or more separate rounds of
PCR. Two sets of primers are designed for the same target sequence, with the primer set for
the first round of PCR producing a slightly larger product than the primer set for the second
round. In this way, the DNA sequence that is replicated in the first round of PCR is sure to
include the primer binding sequences for the second round’s primers [23-25]. Figure 1
provides a schematic diagram of how two sets of primers are used in nested PCR [26]. In
one study comparing changes to cycle number and nested PCR, the procedure was slightly
different. An input of 1 µL of product from the first round of PCR was added to a fresh
reaction mix and amplified again with the same primer set and the same cycling
parameters [19]. In the past, nested PCR has been used when quantities of DNA present are
too low to allow for the use of standard STR analysis, such as in the case of charred human
remains, trace blood samples, and burnt teeth samples. In older or greatly compromised
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samples such as charred remains, the DNA present will be minute and likely highly
degraded. Nested PCR is used with such samples in order to still recover alleles for the
target sequence despite the compromised condition of the DNA [23, 24]. Nested PCR has
also successfully been used to type DNA from fingerprints with similar allelic recovery to
that observed after increasing the cycle number [25].

Table 1. Comparison of Three LCN DNA Typing Techniques. The basic procedural
differences and benefits of three LCN DNA analysis techniques – PCR cycling parameter
adjustments, post-PCR purification, and nested PCR are given. The concerns for LCN DNA
analysis observed with all three methods are also provided. The red line distinguishes
nested PCR as an unconventional method in forensic DNA analysis as compared to the
other two methods.

Summary of
Method

Benefits of
Technique
Concerns for LCN
DNA Analysis

Adjusting PCR
Cycling Parameters

Post-PCR
Purification

-Increase cycle
number (ex: from 28
to 34 cycles)
- Changes to annealing
or extension temp.

-Silica-spin column
-DNA washed
-DNA re-eluted
-Higher concentration
than before

-Two sets of primers
for same target
sequence
-Two rounds of PCR

-Increased sensitivity
-Improved allele
recovery

-Increased signal
intensity
-Increased sensitivity

-Reduced non-specific
amplification
-More copies of target
sequence
-Increased sensitivity

Nested PCR

-Increased stutter, allele drop in/out, amplification of contamination
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Figure 1. Schematic Diagram of Nested PCR. In the above diagram, two rounds of PCR
target the same sequence of DNA (in black). The outer primers for the first round of PCR
are shown as orange arrows, and the second, inner/nested set of primers is shown as black
arrows. The outer primer sequences and the target sequence (with nested primer
sequences) are amplified in the first round of PCR, and the target sequence is amplified
again in the second round of PCR.
A previous study conducted by the NCFS biological evidence laboratory developed a
nested PCR and post-PCR purification method for Y-STR analysis, which included primers
for all 17 of the Y-STR loci included in the AmpFlSTR® Yfiler™ PCR Amplification kit
(Applied Biosystems™ by Thermo Fisher, Carlsbad, CA) [27]. The 17 Y-STR loci selected for
the AmpFlSTR® Yfiler™ PCR Amplification kit were DYS19, DYS385 a/b, DYS389I/II,
DYS390, DYS391, DYS392, DYS393, DYS437, DYS438, DYS439 [14-16, 28-33]; DYS448,
DYS456, DYS458 [34-36]; DYS635 and Y GATA H4 [16, 30, 37]. These 17 loci were selected
based on level of polymorphism and mutation rate. The primer mix utilized for the preamplification step of the procedure (termed Y-targeted pre-amplification or YTPA)
consisted of the 15 primers necessary to amplify all 17 loci, but with primer sequences in
7

the flanking regions of the primer sequences utilized by the AmpFlSTR® Yfiler™
Amplification primer set. The AmpFlSTR® Yfiler™ primers were thus included as part of the
amplified sequence resulting from YTPA. The procedure utilized not only nested PCR, but
also a post-PCR purification step in between YTPA and AmpFlSTR® Yfiler™ amplification in
order to observe an even greater allelic recovery. The study in which the YTPA procedure
was developed used YTPA-Yfiler™ nested PCR in order to type samples taken 6-9 days after
intercourse, and, with nested PCR and post-PCR purification, partial (often nearly full)
profiles were obtained even in the samples taken 9 days after intercourse [27]. The YTPA
method thus allowed for the obtainment of probative Y-STR profiles from samples
collected at a post-coital interval that aligned with that of the detection limit of sperm in
the vaginal canal reported in medical literature for the first time [4, 5, 27].
In its original form, the YTPA approach is no longer suitable for current analysis
techniques, as it does not amplify the additional loci included in more modern Y-STR kits
such as the Yfiler™ Plus PCR Amplification kit (Applied Biosystems™ by Thermo Fisher).
The Yfiler™ Plus PCR Amplification kit contains all 17 of the Y-STR loci targeted by the
AmpFlSTR® Yfiler™ PCR Amplification kit, plus an additional 10 loci [38]. Three of the new
loci (DYS460, DYS481, and DYS533), are considered highly polymorphic loci as the number
of observed alleles and variance of the alleles is relatively higher than most loci [38, 39].
The other 7 new loci included in the Yfiler™ Plus PCR Amplification kit are all rapidmutation Y-STR loci [38, 40-44], as the mutation rate at each of these loci exceeds 1x10-2
mutations per generation [42]. The addition of highly polymorphic and rapid mutation loci
in modern Y-STR kits allows for greatly improved individualization of Y-STR profiles, to the
extent that father and son profiles may be distinguished from each other.
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The goal of this study was to expand upon the previously developed YTPA approach
to include the loci of the more probative, and more chemically robust/better optimized
next generation Yfiler™ Plus PCR Amplification kit. The study first aimed to select the best
PCR master mix for the YTPA step of the procedure mainly in terms of allele recovery for
trace male DNA samples (10 and 5 pg). The primers for the additional loci could then be
added, and the approach further optimized through adjustments to primer concentration
and PCR cycling parameters. The goal of this part of the study was to observe optimum
allele recovery and profile quality for the Yfiler™ Plus Y-STR profile with trace inputs of
pristine single-source male DNA. Using such samples allowed for the optimization of the
technique with limited external inhibition to alter allele recovery. The technique needed to
be developed in this way prior to validation studies with simulated casework samples.
The newly optimized method, referred to as YTPA-v2 after the addition of the
Yfiler™ Plus PCR primers, also had to be validated through the testing of various simulated
casework samples including male-male mixtures, male-female mixtures, environmentally
compromised samples, and touch DNA samples. Testing of the YTPA-v2 technique with
each of these samples demonstrated that probative Y-STR profiles could be obtained even
for trace male DNA samples even in the presence of large quantities of other male DNA,
female DNA, and in the case of exposure to environmental elements likely to cause
degradation of the DNA. Of particular interest is the demonstration that the YTPA-v2
technique is sensitive enough to amplify trace male DNA in addition to larger contributions
of male DNA, and that the technique is specific enough to the Y-chromosome that even very
large quantities of female DNA (as much as 500 ng) would not be amplified.
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The ultimate goal of this study was to optimize the YTPA-v2 method and to validate
the optimized method considering several factors that may be relevant to real-world sexual
assault DNA evidence. With the optimized method, probative, and occasionally full Yfiler™
Plus Y-STR profiles were obtained from inputs of 5 pg and 10 pg of DNA from male blood,
semen, and male buccal swab samples. The technique proved sensitive enough to amplify
as little as 5 pg of male DNA in the presence of as much as 45 pg of male DNA from a
different contributor and as much as 500 ng of female DNA (a 100,00 fold excess of female
DNA). This demonstrated that the technique was capable of obtaining profiles for trace
male DNA samples even if other males were involved with the victim, and even if the male
DNA were extracted from vaginal swabs with large enough quantities of female DNA to
dwarf the male fraction in standard techniques. The YTPA-v2 technique also proved
specific to the Y-chromosome, as even 500 ng of female DNA elicited no allele recovery.
Highly discriminatory profiles were also obtained using YTPA-v2 with trace inputs of DNA
exposed to various degradative environmental conditions and some touch DNA samples.
The optimized YTPA-v2 technique provided a method of obtaining highly
discriminatory profiles from the trace quantities of male DNA that would be obtained from
extended interval sexual assault DNA evidence samples. The YTPA-v2 technique offers a
solution to various issues presented in sexual assault evidence, such as obtaining male DNA
profiles in mixtures with large quantities of female DNA [4, 14, 15] and avoiding the loss of
male DNA found in structurally compromised sperm cells as might occur when using
standard differential DNA extraction to separate male and female fractions [12]. With the
inclusion of the rapid-mutation loci of the Yfiler™ Plus PCR Amplification kit, the
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development of the YTPA-v2 method is an important step towards the ultimate goal of
individualized Y-STR profiles even from minute male DNA samples.
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CHAPTER TWO: METHODOLOGY
Preparation of Samples
All body fluid samples were collected with informed consent from anonymous
volunteers with procedures approved by the University of Central Florida’s Institutional
Review Board. For all bloodstains (Bioreclamation, Westbury, NY), 50 µL of blood was
dried on sterile cotton swatches and stored at -45°C until needed. Buccal swabs were
collected by swabbing the inside of the donor’s mouth (on the cheeks) with a sterile cotton
swab, and were either extracted immediately or were dried overnight and stored at -20°C
until needed. Fresh liquid semen samples were obtained from commercial sources (BIOIVT,
Nassau, New York) and stored frozen (-20oC) until needed). Once thawed, liquid semen was
deposited onto sterile cotton swabs (50 μl aliquots or full saturated swabs), dried
overnight, and stored at -20°C until needed. Semen-free (donors were asked to abstain
from sexual intercourse approximately 7-10 days prior to collection) vaginal secretions
and menstrual blood samples were self-collected on sterile cotton swabs, dried overnight,
and stored at -20°C until needed.
For the environmentally compromised studies, liquid blood and semen samples
were deposited onto sterile cotton, denim, or polyester swatches and exposed to set
conditions for set ranges of time (room temperature for 1 year, 37°C for 3 months, the back
seat of a car for 1 week, and the trunk of a car for 2 weeks). The samples were then stored
at -45°C until needed. Touch DNA samples were obtained by swabbing various locations
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(microwave buttons, a door handle, phone buttons, a phone handle, a desk, and an elevator
hall call button) with a sterile cotton swab moistened with nuclease free water for ~30 sec,
dried at room temperature overnight, and extracted the next day.

Organic DNA Extraction
Bloodstains were extracted using the organic extraction method, following the
recommended protocol. Swabs were removed from their sticks and placed into Spin-Ease
extraction tubes. To each sample, 400µL of Stain Extraction Buffer (TRIS, NaCl, 20% SDS,
0.5M EDTA) and 13 µL of Proteinase K were added. The samples were mixed on a vortex
for 2 seconds and then pulse spun with a mini microcentrifuge, then incubated in a 56°C
water bath over night.
Cotton pieces were removed the extraction tubes and placed into Spin-Ease spin
baskets, which were placed into the Spin-Ease extraction tubes. The tubes were then
centrifuged on high (13,200 rpm) for five minutes. The spin baskets were removed and
discarded, and 400 µL of phenol/chloroform/isoamyl alcohol were added to each tube. The
tubes were mixed by inversion, then centrifuged at 13,200 rpm for five minutes, which
separated the phases into the aqueous phase and the organic phase. The top aqueous layer
was removed and placed into a new tube, and the old tube with the organic layer was
discarded. One milliliter of cold absolute ethanol was added to each of the new tubes
containing the aqueous phase. The tubes were mixed by inversion and kept at -20°C for at
least one hour.
The tubes were centrifuged for fifteen minutes at 13,200 rpm to pellet the DNA. The
ethanol was removed with a pipet, and then one milliliter of room temperature 70 percent

13

ethanol was added to clean the pellet. The tubes were centrifuged for five minutes at
13,200 rpm, and the ethanol was removed with a pipet. The pellets were then dried using a
Speed Vac for 4 minutes. To each sample, 75 µL of TE-4, pH 7.5 was added, and then the
samples were incubated in a 56, pH 7.5 was added, and then the samples were incubated in
a 56°C water bath overnight to re-solubilize the DNA.

Manual Silica-Spin Column DNA Extraction
Semen, buccal, vaginal, menstrual blood, environmentally compromised and touch
DNA samples were extracted following the QIAamp DNA Investigator (QIAGEN, Hilden,
Germany) manual extraction protocol. The swabs were cut and removed from the swab
stick and placed into 2 mL Spin-Ease extraction tubes. For the semen swabs, 20 µL of 0.39
M DTT was added. For all samples, 20 µL proteinase K and 400 µL of Buffer ATL (tissue
lysis buffer) were added, and the tubes were mixed by pulse-vortexing for ten seconds. The
tubes were then incubated in a 56°C water bath for one hour, with pulse-vortexing for ten
seconds every ten minutes. The tubes were centrifuged briefly and then 400 µL of Buffer
AL (lysis buffer) was added to each. The tubes were vortexed for fifteen seconds then
placed in a 70°C water bath for ten minutes, with pulse-vortexing for fifteen seconds every
three minutes. The swabs were placed into Spin-Ease spin baskets, which were placed into
the same tubes. The tubes were centrifuged at 13,200 rpm for five minutes, and then the
spin baskets with the swabs were discarded.
To each tube, 200 µL of 100% ethanol was added, and the tubes were pulsevortexed and centrifuged. The lysate in each tube was transferred into a QIAmp MinElute
column (QIAGEN), and the column was centrifuged at 8000 rpm for one minute. The
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collection tubes were replaced (old tubes discarded), and 500 µL of Buffer AW1 (first wash
buffer) was added to each. The tubes were once again centrifuged at 8000 rpm for one
minute, and the collection tubes were replaced. A second wash buffer, Buffer AW2 was then
added (700 µL to each), and the centrifugation step was repeated again. After replacing the
collection tubes, 700 µL of 100% ethanol was added, and the centrifugation step was
repeated once again. The collection tubes were replaced again, and the tubes were
centrifuged at 13,200 rpm for three minutes to dry the column membrane. The collection
tubes were replaced with 1.5mL microcentrifuge tubes, and the columns were opened and
left at room temperature for ten minutes. To elute the DNA, 60 µL of Buffer ATE was added
to the center membrane of each column. The columns were centrifuged at 13,200 rpm for
one minute. The columns were discarded, and the microcentrifuge tubes containing the
DNA samples were stored at 3°C until needed again.

DNA Quantitation
Bloodstains and semen samples were quantified using the Quantifiler™ Duo
(Applied Biosystems™ by Thermo Fisher, Carlsbad, CA) kit. The Quantifiler™ Duo kit uses
eight standards with the following concentrations: 50.000 ng/µL, 16.700 ng/µL, 5.560
ng/µL, 1.850 ng/µL, 0.620 ng/µL, 0.210 ng/µL, 0.068 ng/µL, and 0.023 ng/µL. The
standards were made by serial dilution with Quantifiler™ Duo DNA Standard and
Quantifiler™ Duo DNA dilution buffer. A master mix was made with 10.5 µL Quantifiler™
Duo Primer Mix and 12.5 µL Quantifiler™ Duo PCR Reaction Mix per sample. Twenty-three
microliters of the master mix and 2 µL of the standard or sample was placed into each
designated well of a 96-well reaction plate. The plate was then sealed with a MicroAmp™
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Optical Adhesive Film (Applied Biosystems™ by Thermo Fisher) and spun for 30 seconds
with a plate spinner. The quantification was conducted using an Applied Biosystems ® 7500
Real-Time PCR System (Applied Biosystems™ by Thermo Fisher) and SDS Software v1.2.3.
The total human DNA was quantified using a probe for the RPPH1 target (VIC™ dye and
NFQ-MGB quencher), and the male DNA was quantified using a probe for the SRY target
(FAM™ dye and NFQ-MGB quencher). The DNA samples were amplified with the following
program: 50°C for 2 minutes, 95°C for 10 minutes, and 40 cycles of 95° for 15 sec and 60°
for 1 minute. The total human and male DNA was quantified in ng/µL against a standard
curve with an R2 value greater than or equal to 0.99. Male blood and semen samples were
diluted to 10 pg/µL and 5 pg/µL through serial dilution prior to amplification.
Buccal, vaginal and menstrual blood swabs, as well as the environmentally
compromised body fluid and touch DNA samples were quantitated using the Quantifiler™
Trio kit. The Quantifiler™ Trio kit follows a similar protocol to the Quantifiler™ Duo kit. The
five standards used for Quantifiler™ Trio were created through serial dilution, with the
following concentrations: 50.0 ng/µL, 5.0 ng/µL, 0.5 ng/µL, 0.05 ng/µL, 0.005 ng/µL. These
standards were prepared using Quantifiler™ Trio DNA Standard and Quantifiler™ Trio DNA
dilution buffer. After the standards were prepared, a master mix was prepared with 10µL
of Quantifiler™ Trio PCR Reaction Mix and 8µL Quantifiler™ Trio Primer Mix per sample.
The plate was then prepared similarly to the Quantifiler™ Duo kit, but with 18µL of master
mix in each well. The quantification was conducted using an Applied Biosystems® 7500
Real-Time PCR System (Applied Biosystems™ by Thermo Fisher) and HID Real-Time PCR
Analysis Software. The total human DNA was quantified using a probe for the small
autosomal target (VIC™ dye and NFQ-MGB quencher), and the male DNA was quantified
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using a probe for the male target (FAM™ dye and NFQ-MGB quencher). The DNA samples
were amplified with the following program: 95°C for 2 minutes, and 40 cycles of 95° for 9
seconds and 60° for 30 seconds. The total human and male DNA was quantified in ng/µL
against a standard curve with an R2 value greater than or equal to 0.99.

Y-Chromosome Specific Pre-Amplification (YTPA)
The primer mix for YTPA was created in house that included first-round PCR
primers to amplify all 17 of the loci included in the AmpFlSTR® Yfiler™ PCR Amplification
kit (Applied Biosystems™ by ThermoFisher). YTPA was conducted with five different kits:
Type-It™ Microsatellite (QIAGEN), AmpliTaq Gold™ 360 (Applied Biosystems™ by Thermo
Fisher), Platinum™ Hot Start (Invitrogen™ by Thermo Fisher), Platinum™ II Hot Start
(Invitrogen™ by Thermo Fisher), and Platinum™ Superfi™ Hot Start (Invitrogen™ by
Thermo Fisher).
The reaction master mix for YTPA with Type-It™ Microsatellite was prepared with
12.5 µL of Type-It™ Microsatellite Master Mix, 2.5 µL Q Solution, 2.5 µL of the in-house
primer mix, and 2.5 µL of nuclease-free water per sample. With a total reaction volume of
25 µL, 5 µL was available for sample and water. The master mix (20 µL), 1 µL of 5 pg/µL or
10 pg/µL DNA extracts of male blood or semen samples, and 4 µL of water was added to 0.2
mL MicroAmp™ reaction tubes (Applied Biosystems™ by Thermo Fisher). The samples
were then amplified using a GeneAmp™ PCR System 9700 Thermal Cycler (Applied
Biosystems™ by Thermo Fisher) and the following cycling parameters: 95° for 15 minutes;
15 cycles of 95°C for 90 seconds, 60°C for 90 seconds, and 72°C for 30 seconds; and a 68°C
hold for 10 minutes.
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The reaction master mix for YTPA with AmpliTaq Gold™ 360 was prepared with
12.5 µL of AmpliTaq Gold™ 360 Master Mix, 2.5 µL AmpliTaq Gold™ 360 GC Enhancer, 2.5
µL of the in-house primer mix, and 2.5 µL of nuclease-free water per sample. With a total
reaction volume of 25 µL, 5 µL was available for sample and water. The master mix (20 µL),
1 µL of 5 pg/µL or 10 pg/µL DNA extracts of male blood or semen samples, and 4 µL of
water was added to 0.2 mL MicroAmp™ reaction tubes (Applied Biosystems™ by Thermo
Fisher). The samples were then amplified using a GeneAmp™ PCR System 9700 Thermal
Cycler (Applied Biosystems™ by Thermo Fisher) and the following cycling parameters: 95°
for 15 minutes; 15 cycles of 95°C for 30 seconds, 60°C for 90 seconds, and 72°C for 30
seconds; and a 68°C hold for 10 minutes.
The reaction master mix for YTPA with Platinum™ Hot Start was prepared with 12.5
µL of Platinum™ Hot Start Master Mix, 2.5 µL Platinum™ Hot Start GC Enhancer, and 2.5 µL
of the in-house primer mix per sample. With a total reaction volume of 25 µL, 7.5 µL was
available for sample and water. The master mix (17.5 µL), 1 µL of 5 pg/µL or 10 pg/µL DNA
extracts of male blood or semen samples, and 6.5 µL of water was added to 0.2 mL
MicroAmp™ reaction tubes (Applied Biosystems™ by Thermo Fisher). The samples were
then amplified using a GeneAmp™ PCR System 9700 Thermal Cycler (Applied Biosystems™
by Thermo Fisher) and the following cycling parameters: 95° for 15 minutes; 15 cycles of
95°C for 30 seconds, 60°C for 90 seconds, and 72°C for 60 seconds; and a 68°C hold for 10
minutes.
The reaction master mix for YTPA with Platinum™ II Hot Start was prepared with 10
µL of Platinum™ II Hot Start Master Mix, 4 µL Platinum™ II Hot Start GC Enhancer, and 2 µL
of the in-house primer mix per sample. With a total reaction volume of 25 µL, 9 µL was
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available for sample and water. The master mix (16 µL), 1 µL of 5 pg/µL or 10 pg/µL DNA
extracts of male blood or semen samples, and 8 µL of water was added to 0.2 mL
MicroAmp™ reaction tubes (Applied Biosystems™ by Thermo Fisher). The samples were
then amplified using a GeneAmp™ PCR System 9700 Thermal Cycler (Applied Biosystems™
by Thermo Fisher) and the following cycling parameters: 95° for 15 minutes; 15 cycles of
95°C for 30 seconds, 60°C for 90 seconds, and 72°C for 60 seconds; and a 68°C hold for 10
minutes.
The reaction master mix for YTPA with Platinum™ Superfi™ Hot Start was prepared
with 12.5 µL of Platinum™ Superfi™ Hot Start Master Mix, 2.5 µL Platinum™ Superfi™ Hot
Start GC Enhancer, and 2.5 µL of the in-house primer mix per sample. With a total reaction
volume of 25 µL, 7.5 µL was available for sample and water. The master mix (17.5 µL), 1 µL
of 5 pg/µL or 10 pg/µL DNA extracts of male blood or semen samples, and 6.5 µL of water
was added to 0.2 mL MicroAmp™ reaction tubes (Applied Biosystems™ by Thermo Fisher).
The samples were then amplified using a GeneAmp™ PCR System 9700 Thermal Cycler
(Applied Biosystems™ by Thermo Fisher) and the following cycling parameters: 95° for 3
minutes; 15 cycles of 95°C for 10 seconds, 60°C for 60 seconds, and 72°C for 30 seconds;
and a 68°C hold for 10 minutes.

YTPA-v2
YTPA-v2 was performed with an in-house primer mix that included first-round PCR
primers to amplify all 27 of the loci included in the Yfiler™ Plus PCR Amplification kit. The
reaction master mix for YTPA-v2 was prepared with 12.5 µL of Platinum™ Hot Start Master
Mix, 2.5 µL of Platinum™ Hot Start GC Enhancer, and 2.5 µL of the in-house primer mix per
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sample. The total reaction volume was 25 µL, allowing for 7.5 µL of the sample and/or
water. The master mix (17.5 µL), the desired input of sample (1 µL of 5 pg/µL and 10 pg/µL
male samples, a range of inputs (1 ng to 500 ng) of female DNA samples; 7.5 µL for touch
DNA samples), and water (as needed – 6.5 µL for samples with 1 µL input of DNA) were
added to 0.2 mL MicroAmp™ reaction tubes. The samples were amplified using a
GeneAmp™ PCR System 9700 Thermal Cycler, a Veriti™ 96-Well Thermal Cycler (Applied
Biosystems™ by Thermo Fisher), or a ProFlex™ 3 X 32-well PCR System (Applied
Biosystems™ by Thermo Fisher). After optimization of PCR cycling parameters in terms of
annealing temperature and number of cycles, the samples were amplified with one of three
different cycling program: 95° for 15 minutes; 15 cycles of 95°C for 30 seconds, 55°C
(increased by 0.4°C each cycle) for 90 seconds, and 72°C for 60 seconds; and a 68°C hold
for 10 minutes.

Post-PCR Purification
The YTPA and YTPA-v2 amplified samples were purified using the QIAGEN MinElute
column purification kit (QIAGEN). First, 125 µL of binding buffer (Buffer PB) was added to
each sample. A pH indicator was included in the binding buffer to ensure a pH of less than
or equal to 7.5. The samples with the binding buffer were added to 1.5 mL MinElute
columns and centrifuged at 8000 rpm for one minute. All centrifugation steps were done at
8000 rpm for one minute. The collection tubes were changed (tubes containing flow
through were discarded), and 750 µL of a wash buffer (Buffer PE) was added to each
column. The columns were centrifuged again, and the collection tubes were again changed.
The columns were centrifuged once more without any new reagents being added to the
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columns for the purpose of drying out the column membranes. The columns were placed in
1.5 mL microcentrifuge tubes, and 10 µL of elution buffer (Buffer EB) were added to the
center membrane of each column. The columns were centrifuged again, then discarded and
the microcentrifuge tubes containing the eluted DNA were saved and stored at 4°C until
they were needed.

AmpFlSTR® Yfiler™ Amplification
The AmpFlSTR® Yfiler™ amplification was performed according to the
recommended protocol. A master mix was made with 4.6 µL of AmpFlSTR® Yfiler™ PCR
Reaction mix, 2.5 µL of AmpFlSTR® Yfiler™ primer mix, and 0.4µL of Taq DNA polymerase
per sample (a total of 7.5 µL of master mix per sample). The total reaction volume was 12.5
µL, leaving 5 µL for water and sample. For samples without YTPA, 1 µL of sample was used
(for a 10 pg/µL sample, the input was 10pg). For samples that had been YTPA-amplified
and purified, only 0.5 µL of the sample was added to the reaction mix. The samples were
amplified using a GeneAmp™ PCR System 9700 Thermal Cycler set to the following
parameters: 95°C for 11 minutes; 30 cycles of 94°C for 1 minute, 61°C for 1 minute, and
72°C for 1 minute; and a hold at 60°C for 80 minutes.

Yfiler™ Plus PCR Amplification
The Yfiler™ Plus PCR amplification was performed according to the recommended
protocol. A master mix was prepared with 5 µL of Yfiler™ Plus PCR reaction mix and 2.5 µL
Yfiler™ Plus PCR primer mix per sample (a total of 7.5 µL of master mix per sample). The
total volume for this reaction, like that of the AmpFlSTR® Yfiler™ PCR amplification, was

21

12.5 µL, leaving 5 µL for water and sample. For samples without YTPA or YTPA-v2, 1 µL of
sample (for a 10 pg/µL sample, the input was 10pg) or a full 5 µL (for touch DNA samples –
no water) was used. For samples that had been YTPA-amplified and purified, only 0.5 µL of
the sample was added to the reaction mix. The samples were amplified using a GeneAmp™
PCR System 9700 Thermal Cycler, a Veriti™ 96-well Thermal Cycler, or a ProFlex™ 3 x 32well PCR System set to the following parameters: 95°C for 1 minute, 29 cycles of 94°C for 4
seconds and 61.5°C for 1 minute, and a hold at 60°C for 22 minutes.

Capillary Electrophoresis and Analysis of Data
After AmpFlSTR® Yfiler™ or Yfiler™ Plus PCR Amplification of DNA, electrophoresis
was conducted in order to separate the amplified products by size. For Yfiler™ Plus, a 6-dye
system was utilized to separate PCR products of similar size for easier analysis. Each dye
was represented by a different color during data analysis. These dyes, in order from the top
of the electropherogram to the bottom are: 6-FAM (blue), VIC (green), NED (yellow), TAZ
(red), SID (purple), and LIZ (orange). Electrophoresis was conducted using an ABI 3130
Genetic Analyzer (Applied Biosystems™ by ThermoFisher). A master mix with 9.6 µL of HiDi™ formamide (Applied Biosystems™ by ThermoFisher) and 0.4 µL of GeneScan™ 600
LIZ™ dye Size Standard v2.0 (Applied Biosystems™ by ThermoFisher) per sample/ ladder
was prepared, and a total of 10 µL of the master mix was placed into each well of a 96-well
plate. To the designated well, 1 µL of sample or the Yfiler™ Plus PCR Allelic ladder was
added, and the plate was covered with a silicone plate septa. The Yfiler™ Plus PCR
Amplification products were injected through a 4-capillary 36 cm array with POP-4
polymer with the run module J6_POP4_GF3 and the HIDFragmentAnalysis36_POP4
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template (injection time: 2 seconds, injection voltage: 1.5 kV, oven temperature: 60 ̊C, run
time: 1500 seconds).
The AmpFlSTR® Yfiler™ PCR Amplfication kit only included four dyes: 6-FAM (blue),
VIC (green), NED (yellow), and PET (red). The GeneScan™ 500 LIZ™ dye Size Standard
(Applied Biosystems™ by ThermoFisher) contains the fifth dye, LIZ (depicted as orange).
The CE master mix for AmpFlSTR® Yfiler™ included 9.7 µL of Hi-Di™ formamide (Applied
Biosystems™ by ThermoFisher) and 0.3 µL of GeneScan™ 500 LIZ™ dye Size Standard per
sample (also 10 µL of master mix per well). To the designated well, 1 µL of sample or
AmpFlSTR® Yfiler™ Allelic ladder was added and the plate was covered with a plate
septum. The AmpFlSTR® Yfiler™ products were injected through a 4-capillary 36 cm array
with either POP-7™ or POP-4™ polymer and either the run module Module_G5_General (for
POP-7™) or G5_POP4_General (for POP-4™) and the FragmentAnalysis36_POP7 template
for POP-7™ (injection time: 18 seconds, injection voltage: 1.2 kVolts, oven temperature:
60 ̊C, run time: 1200 seconds) or the HIDFragmentAnalysis36_POP4 template for POP-4™
(injection time: 5 seconds, injection voltage: 3.0 kVolts, oven temperature: 60 ̊C, run time:
1500 seconds).
All signals for products from both kits were detected with 3130 Genetic Analyzer
Data Collection Software v3.0 (Applied Biosystems™ by ThermoFisher, and the
electropherograms were produced and analyzed with either GeneMapper™ v4.0 (for
AmpFlSTR® Yfiler™) or GeneMapper™ ID-X v1.6 (for Yfiler™ Plus) computer software.

23

CHAPTER THREE: RESULTS
YTPA Master Mix Kit Selection
Previously, the NCFS Biological Evidence laboratory conducted a study in which
nested PCR and post-PCR purification were used to develop a method of obtaining
discriminatory Y-STR profiles from extended interval DNA samples. With this technique,
called Y-targeted pre-amplification or YTPA, discriminatory profiles were obtained from
samples collected the limit for detection of sperm in the vaginal canal of 9 days post-coitus
[26,4]. The YTPA study utilized only one amplification master mix for YTPA: Type-It™
Microsatellite [26]. The first step in further optimizing the YTPA method for the Yfiler™
Plus PCR kit was to test more master mix kits and to select the best PCR master mix out of
five with which to conduct further studies for optimization of the new primer mix (YTPAv2). The five master mixes tested were: Type-It Microsatellite, AmpliTaq Gold™ 360,
Platinum™ Hot Start, Platinum™ II Hot Start, and Platinum™ Superfi™ Hot Start. Each of the
kits were tested with male bloodstains extracted by organic extraction and semen samples
extracted by manual column extraction with the QiAmp DNA Investigator kit, which were
then quantified and diluted to 10 pg/µL and 5 pg/µL. Each input of each sample was
amplified with the YTPA method using each of the five master mixes, purified, and
amplified with the AmpFlSTR® Yfiler™ and separately with the Yfiler™ Plus kit. Once the
PCR products were separated by capillary electrophoresis, the electropherograms were
assessed and compared to each other in terms alleles recovered and average RFUs. Figure 2
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provides an experimental schema of how the male DNA samples were analyzed in this
study.
13

Male DNA Sample
(bloodstains, semen samples, buccal
swabs)
Organic (75 µL) or Manual Silica-Spin
Column (60 µL) Extraction
Quantitation with Quantifiler™ Duo
or Quantifiler™ Trio
5 pg and 10 pg

5 pg and 10 pg

YTPA

YTPA-v2

15 cycles
(25 µL)

15 cycles
(25 µL)

MinElute
Purification

MinElute
Purification

(10 µL)

0.5 µL

(10 µL)

0.5 µL

AmpFlSTR®Yfiler™
30 cycles
(12.5 µL)

5 pg and 10 pg

0.5 µL

Yfiler™ Plus
29 cycles
(12.5 µL)

Capillary Electrophoresis

Figure 2. Experimental Schema for YTPA/YTPA-v2 Nested PCR procedure used with
Trace Male DNA Samples. Male DNA samples were extracted with either an organic or a
silica-based manual DNA extraction, and the male DNA was quantified. Five and ten
pictogram male DNA samples pre-amplified with YTPA or YTPA-v2 were purified prior to
secondary amplification with the AmpFlSTR® Yfiler™ or Yfiler™ Plus PCR Amplificaiton kit.
The pre-amplification (YTPA/YTPA-v2) and corresponding secondary amplification
targeted the same set of Y-STR loci.
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The comparison for alleles recovered for both AmpFlSTR® Yfiler™ and Yfiler™ Plus
amplified samples is presented in Figure 3. Each of the master mixes tested are
represented by a different colored bar. The error bars represent standard deviation around
the mean. The results in Figure 3 are separated by the secondary PCR amplification kit used
(AmpFlSTR® Yfiler™ or Yfiler™ Plus), sample type, and input. The best kit would be one
with a high recovery of alleles and a low level of variation (smaller error bars). In Figure 3,
Type-It™ Microsatellite, Platinum™ Hot Start and Platinum™ Superfi™ Hot Start were often
the three highest for allele recovery, with averages as high as 14 out of 17 alleles recovered
for all three. Out of the three, Platinum™ Hot Start often had a lower variation than the
other two, and the lowest pooled standard deviation of 2.89 alleles. Platinum™ Superfi™
Hot Start had the highest overall standard deviations of the three, with a pooled standard
deviation of 3.48 alleles. A kit that would perform consistently well (high allele recovery
and low standard deviation combined) would be the preferred choice.
Figure 4 presents a different way of assessing the differences in allele recovery
across the five PCR master mixes tested, with the general ranges of allele recovery and
most common values more clearly visible. Each of the five mixes is represented by a
different colored boxplot. The clusters of boxplots are separated by input of DNA, but the
sample types tested are now combined. Results for samples amplified with YTPA followed
by AmpFlSTR® Yfiler™ are represented by solid-colored boxes, while those for Yfiler™ Plus
are represented by striped boxes. In Figure 4, it is again apparent that Platinum™ Hot Start
and Platinum™ Superfi™ Hot Start generally had higher allele recovery. However, with the
interquartile ranges shown, it is apparent that the allele recovery at 5 pg for Platinum™
Superfi™ Hot Start was lower than for the other kits tested, with a median of approximately
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5 alleles recovered. Ideally, the allele recovery would be high and have a narrow range
(values for various samples close to each other), indicating that allele recovery is
consistently high. The allele recovery at 5 pg for Platinum™ Superfi™ Hot Start is consistent
as indicated by the small interquartile range, but the results are consistently low recovery
rather than high, indicating that optimum results may be obtained with a different kit.

Figure 3. Comparison of Average Allele Recovery for YTPA 5 and 10 pg Samples
Amplified Using Five PCR Master Mixes. DNA was extracted from male blood (N=5) and
semen (N=5) samples using a silica based or organic DNA extraction. Five and ten
pictograms of each male were amplified using 4 different PCR master mixes (AmpliTaq
Gold™ 360, Platinum™ Hot Start, Platinum™ II Hot Start, and Platinum™ Superfi™ Hot Start)
and compared to the original PCR master mix (Type-It™ Microsatellite). Each mix is
represented by a colored bar. The YTPA reaction permits the pre-amplification of 17 Y-STR
loci present in both Yfiler™ and Yfiler™ Plus. The results from both Y-STR amplification kits
are shown. The average allele recovery amongst 17 loci is plotted with error bars
representing standard deviation.
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The five PCR master mixes were compared not only for allele recovery, but also
(secondarily) for average relative fluorescence units, or RFUs. Low RFUs indicate that a
lower number of DNA fragments of that size were amplified. Therefore, when dealing with
trace DNA samples, lower average RFUs for a kit would not be ideal, as the chance of allele
dropout may be increased. Allelic peaks are called if they are higher than 50 RFUs. The
average RFUs for a kit in question needed to be high enough to reduce the chance of allele
drop out as much as possible. On the other hand, if RFUs are too high, pull up (peaks of the
same base pair size as the true allele in a different dye lane) and stutter (smaller peaks one
repeat away from the true allelic peak) are increased, causing profile analysis to be more
difficult especially in the case of a mixture. Figure 5 provides the average RFUs for all five
master mixes, with each represented by a different colored bar. The error bars again
represent the standard deviation around the mean. The clusters of bars are separated by
sample type, input of DNA, and the secondary amplification kit used. Platinum™ Superfi™
Hot Start has the highest average RFUs in almost every case. While the chance of allele drop
out would likely be lower, the increased RFUs on average would also increase the
likelihood of higher levels of pull up and stutter in the profile. The average RFUs were
tested to ensure that there were no drastic changes (significantly higher for one input or
sample type than another) or other issues in RFUs for any of the five master mix kits (such
as consistently low or consistently high RFUs. As all five kits remained fairly consistent in
RFUs and all were well over 1000 RFUs on average for all YTPA samples, RFUs became less
of a deciding factor for which of the five kits would be used in future analysis.
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Figure 4. Comparison of Average Allele Recovery for YTPA 5 and 10 pg Samples Amplified Using Five PCR Master
Mixes. DNA was extracted from male blood (N=5) and semen (N=5) samples using a silica based or organic DNA extraction.
Five and ten pictograms of each male were amplified using 4 different PCR master mixes (AmpliTaq Gold™ 360, Platinum™ Hot
Start, Platinum™ II Hot Start, and Platinum™ Superfi™ Hot Start) and compared to the original PCR master mix (Type-It™
Microsatellite). Each mix is represented by a colored boxplot. The YTPA reaction permits the pre-amplification of 17 Y-STR loci
present in both Yfiler™ and Yfiler™ Plus. The results for both Y-STR amplification kits are shown side by side, with Yfiler™
results shown by a plain boxplot, and Yfiler™ Plus results from the same YTPA master mix shown by a striped boxplot of the
same color. Outliers (Q1-1.5(IQR), Q3 + 1.5(IQR)) are marked by a circle ( ), and extreme outliers (Q1-3(IQR), Q3 + 3(IQR))are
marked by a star (*).

29

Figure 5. Comparison of Average RFUs for YTPA 5 and 10 pg Samples Amplified Using
Five PCR Master Mixes. DNA was extracted from male blood (N=5) and semen (N=5)
samples using a silica based or organic DNA extraction. Five and ten pictograms of each
male were amplified using 4 different PCR master mixes (AmpliTaq Gold™ 360, Platinum™
Hot Start, Platinum™ II Hot Start, and Platinum™ Superfi™ Hot Start) and compared to the
original PCR master mix (Type-It Microsatellite). Each mix is represented by a colored bar.
The YTPA reaction permits the pre-amplification of 17 Y-STR loci present in both Yfiler™
and Yfiler™ Plus. The average RFUs of all allelic peaks recovered with both Y-STR
amplification kits is plotted with error bars representing standard deviation.
Beyond allele recovery and average RFUs, the procedural aspects and special
additives of each of the five kits were also assessed before a final decision could be made.
Table 2 lays out the reaction time, sample volume, total volume, and special considerations
for each master mix. Ideally, the best choice would have a short amplification time (less
time to process samples) and a larger volume for sample (greater input of DNA possible
with low-quantity samples). The PCR mix with greatest volume for sample was Platinum™
II Hot Start, with an available volume of 9 µL. The master mix with the shortest
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amplification time was Platinum™ Superfi™ Hot Start, with a time of approximately one
hour as compared to the others, which required an hour and a half. Each of the master
mixes contained an individual specially formulated DNA Polymerase, with the goal of
improved amplification over a wide range of targets. For example, AmpliTaq Gold™ 360
Master Mix contains AmpliTaq Gold™ 360 DNA Polymerase which was designed to allow
for greater specificity at a range of targets, while Platinum™ Superfi™ Hot Start contains
Platinum™ Superfi™ DNA Polymerase which was designed for greater Taq fidelity and high
specificity using Platinum™ Hot Start technology as well as better amplification of more
difficult targets. For all of the DNA Polymerases, hot start technology was used, which
involves a special formulation with antibodies that prevent the activation of the DNA
polymerase at room temperature, thus preventing the amplification of nonspecific
products. The antibodies dissociate at the initial denaturation temperature, allowing for the
DNA polymerase to then be active and extend the specific sequences of DNA at the primer
binding sites. Type-It™ Microsatellite contained another additive in addition to a special
DNA polymerase. The Q solution in the Type-It™ Microsatellite master mix modifies the
melting behavior of the DNA and improves suboptimal PCR.
While Platinum™ Superfi™ Hot Start had fairly high allele recovery and a short
amplification time, it had some inconsistency in recovery at the DYS392 locus. Figure 6
shows two of the profiles recovered using YTPA with Platinum™ Superfi™ Hot Start with an
input of 50 pg of DNA, one with AmpFlSTR® Yfiler™ and the other with Yfiler™ Plus.
Normally, an input of 50 pg would be enough to recover a full profile with the YTPA
methodology. However, in many samples (even with as much as a 100 pg input of DNA)
amplified with Platinum™ Superfi™ Hot Start, no alleles were recovered at DYS392. For
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each electropherogram in Figure 6, the blue box represents the location of DYS392. While
there are several instances of pull up in the profiles in Figure 6, the DNA input was 50 pg –
small enough to benefit from nested PCR, but high enough that increased instances of pull
up and stutter over a 5 or 10 pg input can be expected due to potential excess template
DNA in the system. However, even with 5 and 10 pg inputs of DNA, pull up was observed
more frequently in the Platinum™ Superfi™ Hot Start profiles, likely as a result of the
overall higher RFUs of the observed peaks for the kit.
After all factors mentioned previously had been considered, Platinum™ Hot Start
was selected as the kit with which to continue experimentation. While Platinum™ II Hot
Start allowed for a greater sample input, allele recovery was generally lower, particularly at
10 pg of input DNA. Platinum™ Superfi™ Hot Start was not selected despite the lower
amplification time because it had high allele recovery at 10 pg, but lower recovery at 5 pg,
and provided inconsistent results for DYS392. Platinum™ Hot Start provided more
consistently high allele recovery, and still allows for a higher input of sample than some
other choices (see the electropherograms in Figures 7-8). To an extent, profile quality also
played a role in the selection of a master mix kit for YTPA and later YTPA-v2. With higher
RFUs, pull up and stutter became more common, which was most often observed in the
Platinum™ Superfi™ Hot Start profiles. The pull up observed in the profiles in Figures 7 and
8 was closer to the average observed for the other kits. With nested PCR, some pull up and
stutter is almost always present due to the heightened sensitivity of the method. The allele
recovery in Figures 7 and 8 (11 out of 17 for 10 pg and 8 out of 17 for 5 pg) is also within
the average values observed for the Platinum™ Hot Start kit, as shown in Figures 3 and 4.

32

Table 2. Comparison of PCR Reaction Mix Contents and Volumes for Five PCR Master Mixes Tested to be used for
YTPA. Four different PCR master mixes (AmpliTaq Gold™ 360, Platinum™ Hot Start, Platinum™ II Hot Start, and Platinum™
Superfi™ Hot Start) were compared to the original PCR master mix (Type-It Microsatellite) to select a kit to be used with YTPA
and YTPA-v2. The total amplification reaction time in minutes is provided for each kit, as well as the volume available for
sample, total reaction volume (25 µL for all mixes), and special considerations including information on the DNA polymerase
included in each master mix.

Kit

Approximate
Amplification Time
(min)

Volume for Sample
(µL)

Total Volume (µL)

Type-It Microsatellite

90

5.0

25

AmpliTaq Gold™ 360

90

5.0

25

Platinum™ Hot Start

90

7.5

25

Platinum™ II Hot
Start

90

9.0

25

Platinum™ Superfi™
Hot Start

60

7.5

25
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Special
Considerations
Original kit
Contains Q Solution
Special component:
AmpliTaq Gold™ 360
DNA Polymerase
Special Component:
Platinum™ Taq DNA
Polymerase
* Special component:
Platinum™ Taq DNA
Polymerase
* Greatest volume for
sample
* Special component:
Platinum™ Superfi™
DNA Polymerase
* Shortest amplification
time
* Some inconsistency
with DYS392

a)

b)

Figure 6. Yfiler™ and Yfiler™ Plus Profiles for YTPA Male Blood Sample Using Platinum™ Superfi™ Hot Start. A male
blood sample was extracted with an organic DNA extraction, and a 50 picogram input was amplified with YTPA (with
Platinum™ Superfi™ Hot Start) followed by Yfiler™ (a), as well as with YTPA (with Platinum™ Superfi ™ Hot Start) followed by
Yfiler™ Plus (b). The YTPA reaction permits the pre-amplification of 17 Y-STR loci included in both Yfiler™ and Yfiler™ Plus.
The maximum allele recovery is thus only 17 of the 27 included in Yfiler™ Plus when YTPA amplification is performed. The
blue box in each electropherogram marks the drop-out observed at DYS392. The loci in each electropherogram are separated
by dye color: the blue channel (6-FAM), the green channel (VIC), the yellow channel (NED), the red channel (TAZ), the purple
channel (SID), and the orange channel for the size standard (LIZ). The x-axis shows size in base pairs, and the Y-axis shows
relative fluorescence units (RFUs). The box below each allelic peak provides the allele call and peak height for that peak.
Instances of pull up are marked by a pink box with the letters “p. u.”
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a)

b)

Figure 7. Comparison of 10 pg Input of Male DNA With and Without YTPA Using Platinum™ Hot Start. A semen sample
was extracted with a silica based DNA extraction, and a ten picogram input was amplified with Yfiler™ Plus alone (a), as well as
with YTPA (with Platinum™ Hot Start) followed by Yfiler™ Plus (b). The YTPA reaction permits the pre-amplification of 17 YSTR loci included in both Yfiler™ and Yfiler™ Plus. The maximum allele recovery is thus only 17 of the 27 included in Yfiler™
Plus when YTPA amplification is performed. The loci in each electropherogram are separated by dye color: the blue channel
(6-FAM), the green channel (VIC), the yellow channel (NED), the red channel (TAZ), the purple channel (SID), and the orange
channel for the size standard (LIZ). The x-axis shows size in base pairs, and the Y-axis shows relative fluorescence units
(RFUs). The box below each allelic peak provides the allele call and peak height for that peak. Instances of pull up are marked
by a blue star (*).
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b)

a)

Figure 8. Comparison of 5 pg Input of Male DNA With and Without YTPA Using Platinum™ Hot Start. A semen sample
was extracted with a silica based DNA extraction, and a ten picogram input was amplified with Yfiler™ Plus alone (a), as well as
with YTPA (with Platinum™ Hot Start) followed by Yfiler™ Plus (b). The YTPA reaction permits the pre-amplification of 17 YSTR loci included in both Yfiler™ and Yfiler™ Plus. The maximum allele recovery is thus only 17 of the 27 included in Yfiler™
Plus when YTPA amplification is performed. The loci in each electropherogram are separated by dye color: the blue channel
(6-FAM), the green channel (VIC), the yellow channel (NED), the red channel (TAZ), the purple channel (SID), and the orange
channel for the size standard (LIZ). The x-axis shows size in base pairs, and the Y-axis shows relative fluorescence units
(RFUs). The box below each allelic peak provides the allele call and peak height for that peak. Instances of pull up are marked
by a blue star (*).
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Addition of New Primers
The YTPA-v2 primer mix contained primers from all 17 of the previously included
AmpFlSTR® Yfiler™ loci from YTPA. For optimum use with the Yfiler™ Plus PCR
amplification kit, the primers for the 10 additional loci needed to be added to the primer
mix already containing the primers for the original 17 loci from YTPA. The primer mix for
YTPA was used as the basis for the new primer mix, as it already contained primers for 17
of the 27 loci amplified with the Yfiler™ Plus PCR amplification kit. Once the best PCR
master mix kit was selected the primers for the 10 additional loci included in the Yfiler™
Plus PCR Amplfication kit could be added into the primer mix for YTPA, with the new
method with all 27 loci named YTPA-v2. The primers for YTPA-v2 target the same STR loci
as the corresponding primers in the Yfiler™ Plus PCR primer mix. Before being added to the
new primer mix, each primer had to be specifically designed for nested PCR. The primer
sequence selected had to be specific to the Y-chromosome, with no amplification of
autosomal DNA sequences. If autosomal DNA were amplified by the method, female
samples would produce a profile. One of the key benefits of Y-STR analysis is that male DNA
can be amplified and produce a single profile, even in the presence of large quantities of
female DNA. If the female DNA were amplified, the Y-STR technique would lose value as a
forensic tool. The amplified product of YTPA-v2 had to include the target sequence (same
Y-STR sequence as the corresponding Yfiler™ Plus primer) as well as the upstream primer
binding sites for the Yfiler™ Plus PCR primers. Figure 9 shows an example sequence with
the location of the YTPA-v2 primer binding sites as compared to those of the target
sequence. One design attempt is shown in yellow, and another attempt is shown in aqua.
The challenge in designing these primers was that the exact location of the Yfiler™ Plus
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primer binding sites are proprietary, and not known. However, the product size range for
the Yfiler™ Plus PCR primers is known, and the YTPA-v2 primers were designed to amplify
a product larger than the Yfiler™ Plus product. The primer binding site for the YTPA/YTPAv2 primers must be outside the range of the Yfiler™ Plus amplification product in order to
ensure that the Yfiler™ Plus primer binding site is also included in the amplified sequence.
If amplification were not observed at a particular locus in any samples, it is likely that one
or both of the Yfiler™ Plus primer binding sites was not included in the first amplification
(YTPA-v2) product. Each of the newly designed primers were tested to ensure that
amplification of male DNA was observed at each locus. Any loci with suboptimal
amplification (despite alterations to YTPA-v2 primer concentrations for that locus) were
considered for redesign. The primers for two of the loci (DYS481 and DYS533) needed to
be redesigned. For DYS481, amplification was suboptimal at the DYS481 locus, as well as
some other loci due to possible inhibition. For DYS533, no amplification was observed at
that locus. For each of the two loci with redesigned primers, combinations of old and new
primers were tested and the combination with the greatest allele recovery and overall
profile quality was selected for inclusion into the YTPA-v2 multiplex primer mix.
The estimated product size ranges for the YTPA-v2 primers are provided in Table 3.
Table 3 provides the product size ranges calculated based on the size of the product for a
reference allele and the range of alleles observed for the locus. The product size for the
YTPA-v2 primers may be as large as 668 base pairs in length, as is observed for DYS389.
Product sizes for YTPA/YTPA-v2 first round amplification are of necessity much larger
than those of commercial kits such as AmpFlSTR® Yfiler™ and Yfiler™ Plus used in
forensics. Typically, smaller amplification products are preferred due to improved
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amplification compared to larger products. In the case of degraded DNA samples in
particular (samples in which the DNA strand is broken down due to exposure to
environmental conditions), shorter PCR products allow for more efficient amplification, as
the likelihood of a shorter sequence of DNA being broken already is lower than for a larger
product such as those for YTPA and YTPA-v2. However, the abnormally large product sizes
in YTPA-v2 are necessary in order to ensure that the full Yfiler™ Plus product including
primer binding sites is included in the YTPA-v2 product. Despite shorter products being
preferred when possible, amplification of YTPA-v2 products was observed for every YTPAv2 primer. After the successfully amplified YTPA-v2 products are purified and undergo a
secondary amplification with Yfiler™ Plus, the product sizes will fall into the normal range
for Yfiler™ Plus (~400 bp).

Singleplex Analysis of New Primers
After all new primers had been successfully added to the multiplex YTPA-v2 primer
mix, each primer was also tested individually by singleplex analysis to demonstrate that
alleles would be recovered at that locus in representative male samples (male blood or
semen), and that no cross reactivity (i.e. amplification or allele recovery) would be
observed in female samples (vaginal swabs) amplified with the same YTPA-v2 primer. Two
10 pg male DNA samples, a male 20 pg positive control, and two female DNA samples (each
50 ng and 500 ng) were amplified with YTPA-v2 using singleplex primers for each of the 10
new loci, purified, then amplified with Yfiler™ Plus. Table 4 provides a summary of the
allele recovery for each sample type and input for each new locus. Allele recovery was
observed in at least one of the three male samples at each of the new loci, and no allele
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recovery was observed in any of the female samples. Thus, the primer designed for YTPAv2 for each Yfiler™ Plus locus functioned properly in that male DNA was amplified at each
locus, and the primer was specific to th Y-chromosome as the female samples were not
amplified for any of the 10 new loci.

LOCUS
DEFINITION
ACCESSION
DYS481
Yfiler Plus
115621
115681
115741
115801
115861
115921
115981
116041
116101
116161
116221
116281
116341
116401
116461
116521

AC016991
174402 bp
DNA
linear
PRI 09-MAY-2001
Homo sapiens BAC clone RP11-17E15 from Y, complete sequence.
AC016991
product size - ~206 bp – 252 bp

gagagggcag
aaatccctaa
ggtgagtctt
gggttgcttt
ctctgtgttt
ttgtgtgtgt
tgttcagcat
ttcttcttct
tcttcttggg
gaattgttaa
ccactcctct
cattatccta
atttacctca
ccatcttctt
ggtgagtata
taaataaaga

atatgagtga
ggatccaaaa
ttggaaactt
ctgctaggtg
ctgtgagagt
gtgtgtctgt
gctgcttctt
tcttcttctt
ttgtggggct
gtatgccaag
agaaggaaga
tggccaaacc
aatttggttc
agggtttcat
caatctggtg
cagatgatgc

ctctgaagaa
gtatccacct
gccccactct
gggcttcctg
gttgcgagag
ccctttaaga
cttcttcttc
ttttgagtct
ctgtgttctg
acatgctggc
gaagcacacc
aaggagagac
ccaggggaaa
tctgtggcat
aggtgtggat
agaagttgct

acatcaataa
aattcctcag
gatttttatg
tagaaccaca
ttagatgtct
ggagtctgct
ttcttcttct
tgcaaccttc
atttttttct
atccatatga
acatgaaaaa
actagcagtc
atgtatttca
agagtgtgaa
gggttcatgc
tctaattcca

aagtcccaga
gatggcccag
tacaaccctt
cagcctcagt
atgtgtgtgt
aaaaggaatg
tcttcttctt
tggtgagctg
gtggaccaag
ctacccttga
aaatgcatct
ctttcttcag
ctctgtgagg
cagcaactat
aacttgacct
ttaccacatt

aataaactgt
atgttgtagg
gtgttttctg
agctgccggg
gatattctgt
tggctaacgc
cttcttcttc
tctgtgtggc
aatctgcaat
aaaagaaaag
ccctgtgttt
ggccccttga
gggcactcct
ttcagataaa
gcaaaataaa
gccttaattg

(1st attempt – yellow)
OLIGO
start len
tm
gc%
any
3'
LEFT PRIMER
135
20
59.69
55.00 3.00 2.00
RIGHT PRIMER
626
20
61.73
55.00 6.00 3.00
PRODUCT SIZE: 492, PAIR ANY COMPL: 3.00, PAIR 3' COMPL:

seq
taggtggggcttcctgtaga
ctccttggtttggccatagg
2.00

(2nd attempt – aqua)
OLIGO
start len
tm
gc%
any
3'
LEFT PRIMER
52
20
60.09
45.00 2.00 0.00
RIGHT PRIMER
513
21
59.90
47.62 2.00 0.00
PRODUCT SIZE: 462, PAIR ANY COMPL: 2.00, PAIR 3' COMPL:

seq
tgttttctggggttgctttc
tgtggtgtgcttctcttcctt
0.00

Figure 9. Example of YTPA-v2 Pre-amplification Primer Design Using DYS481 Locus.
The DYS481 Y-STR DNA sequence is shown above, with the red text indicating the location
of the 3-bp repeat sequence (CTT). Without knowing the location of the primers in the
commercially available Y-STR amplification kits, primers designed for the YTPA-v2 assay
were done based on overall size in base pairs. Two possible primer sets designed for this
locus are shown (aqua and yellow highlights).
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Table 3. Product Size Range and Observed Allele Range for Loci Included in YTPA/Yfiler™ Mix and in YTPA-v2/Yfiler™
Plus Mix. The 17 loci included in the YTPA primer mix are all also included in the YTPA-v2 primer mix, in addition to the ten
new loci in YTPA-v2. The product size for a reference allele in each YTPA-v2 locus is provided, as well as the allele number for
the reference allele used. The product size for the reference allele and the allele range observed for each locus included in
YTPA-v2 and Yfiler™ Plus were used to determine a YTPA-v2 product size range for each locus. The product sizes are larger
than usual in order to incorporate the forward and reverse primer sequences for Yfiler™ Plus in the YTPA-v2 product.
Locus

YTPA

DYS19
DYS385
DYS389
DYS390
DYS391
DYS392
DYS393
DYS437
DYS438
DYS439
DYS448
DYS449
DYS456
DYS458
DYS460
DYS481
DYS518
DYS533
DYS570
DYS576
DYS627
DYS635
Y-GATA-H4
DYF387S1

X
X
X
X
X
X
X
X
X
X
X
X
X

X
X

YTPAv2
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

Product Size
(bp)
301
510
576
405
418
596
422
270
386
373
534
510
337
423
326
439
601
595
354
264
423
503
414
423

Reference
Allele
16
17
12,29
29
14
13
12
16
10
13
19
33
14
16
10
22
42
12
17
17
27
23
10
36
41

Product Size Range
(bp)
273 - 313
466 - 554
564 - 668
357 – 405
382 – 426
569 – 617
402 – 446
246 – 278
366 – 416
345 – 389
504 – 564
466 – 538
321 – 377
403 – 455
314 – 342
424 – 469
561 – 629
575 – 615
326 – 390
236 – 296
359 – 423
471 – 531
408 – 434
399 - 455

Allele Range
(YFP)
9 – 19
6 – 28
9-17, 24-35
17 – 29
5 - 16
4 – 20
7 – 18
10 – 18
6 – 16
6 – 17
14 – 24
22 – 40
10 – 24
11 – 24
7 – 14
17 – 32
32 – 49
7 – 17
10 – 26
10 – 25
11 – 27
15 – 30
8 – 15
30 - 44

Representative electropherograms are provided in Figures 10-12 to show the
singleplex result analysis performed for each of the new loci. The blue box shows where
amplification occurs in the male sample and thus where amplificaiton could be expected if
cross-reactivity or contamination occurred in the female samples. For the DYS449 locus
(Figure 10), an artifact peak was present outside of the marker range (marked with a green
star) at approximately 409 bp in size. The artifact peak does not interfere with analysis of
male DNA profiles and is not evidence of amplification at DYS449 in female DNA samples.
The singleplex analysis of the primers for the 10 new loci demonstrated that successful
amplification of male DNA could be observed at all new loci, and that female crossreactivity did not occur. Each new YTPA-v2 primer successfully amplified the intended
male DNA sequences, while female DNA was not amplified by the same primer sequences.
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Table 4. Initial Testing of New Yfiler Plus Locus With and Without Singleplex YTPA-v2 Using Representative Male and
Female Samples. Male blood (N=1), semen (N=1) and vaginal swab (N=2) samples were extracted with a silica based or
organic extraction method. Ten picograms of each male, a 20 pg male positive control (three males total), 50 and 500 pg of
each female were amplified with singleplex primer mixes for each of the new loci added to YTPA-v2. The allele recovery at
each locus for each sample type with and without the singleplex YTPA-v2 pre-amplification prior to Yfiler™ Plus amplification
is shown (one allele expected at each locus for a total of 3 possible alleles for each locus, with the exception of DYF387S1
where 6 alleles are possible since it is a bi-local locus).

Male – 10pg

Female - 50ng

Female - 500ng

Locus
No YTPA-v2

Y-TPA-v2

No YPTA-v2

YTPA-v2

No YTPA-v2

YTPA-v2

449

1

1

0

0

0

0

460

1

1

0

0

0

0

481

1

3

0

0

0

0

518

1

3

0

0

0

0

533

1

3

0

0

0

0

570

2

3

0

0

0

0

576

1

3

0

0

0

0

627

1

1

0

0

0

0

387S1*

2

4

0

0

0

0

43

Figure 10. Test for Female Cross Reactivity in YTPA-v2 Singleplex PCR Analysis of DYS449, DYS460 and DYS481. Male
blood (N=1), semen (N=1) and vaginal swab (N=2) samples were extracted with a silica based or organic extraction method.
Ten picograms of each male, 50 and 500 pg of each female were amplified with singleplex primer mixes for each of the new
loci added to YTPA-v2. The results for a representative male and both female samples for DYS449 (a), DYS460 (b), and DYS481
(c) are shown, both with the singleplex YTPA-v2 pre-amplification, and with Yfiler™ Plus alone. The box under the peak
amplified in the male sample provides the allele call and peak height in RFUs for that peak. The x-axis is size in base pairs and
the y-axis is the relative fluorescence units (RFUs). The blue box demonstrates where amplification for the locus would occur
based on the location of the representative male peak. The (*) represents a female DNA amplification product that is outside of
marker range (~409 bp) and therefore does not interfere with profile interpretation.
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Figure 11. Test for Female Cross Reactivity in YTPA-v2 Singleplex PCR Analysis of DYS518, DYS533, and DYS570. Male
blood (N=1), semen (N=1) and vaginal swab (N=2) samples were extracted with a silica based or organic extraction method.
Ten picograms of each male, 50 and 500 pg of each female were amplified with singleplex primer mixes for each of the new
loci added to YTPA-v2. The results for a representative male and both female samples for DYS518 (a), DYS533 (b), and DYS570
(c) are shown, both with the singleplex YTPA-v2 pre-amplification, and with Yfiler™ Plus alone. The box under the peak
amplified in the male sample provides the allele call and peak height in RFUs for that peak. The x-axis is size in base pairs and
the y-axis is the relative fluorescence units (RFUs). The blue box demonstrates where amplification for the locus would occur
based on the location of the representative male peak.
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Figure 12. Test for Female Cross Reactivity in YTPA-v2 Singleplex PCR Analysis of DYS576, DYS627, and DYF387S1.
Male blood (N=1), semen (N=1) and vaginal swab (N=2) samples were extracted with a silica based or organic extraction
method. Ten picograms of each male, 50 and 500 pg of each female were amplified with singleplex primer mixes for each of
the new loci added to YTPA-v2. The results for a representative male and both female samples for DYS518 (a), DYS533 (b), and
DYS570 (c) are shown, both with the singleplex YTPA-v2 pre-amplification, and with Yfiler™ Plus alone. The box under the
peak amplified in the male sample provides the allele call and peak height in RFUs for that peak. The x-axis is size in base pairs
and the y-axis is the relative fluorescence units (RFUs). The blue box demonstrates where amplification for the locus would
occur based on the location of the representative male peak.
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Optimization of YTPA-v2
The newly developed YTPA-v2 procedure needed to be optimized in order to
provide the greatest allele recovery possible, while also maintaining or improving profile
quality (to avoid excessive instances of pull up, stutter, and other artifacts). Each change to
the YTPA-v2 procedure was tested with both male blood and semen samples at 10 pg and 5
pg inputs. The samples were tested with the same procedure of YTPA-v2, then purification,
then Yfiler™ Plus amplification before capillary electrophoresis. The primer mix was first
optimized in terms of concentration of each primer, including those previously included in
YTPA. Primers for loci with low allele recovery and/or low RFUs were doubled to
determine if altering concentration improved results. Doubling the concentration improved
the allele recovery and RFUs for DYS458, DYS391, and DYS385. A doubled concentration of
DYS392 was also tested, and resulted in improved recovery at DYS392 but reduced allele
recovery at some other loci was also observed. An “in-between” concentration (1.5 times
the original) of DYS392 was also tested with slightly better results than the doubled
concentration, in that amplification at DYS392 was generally better, with a reduction in the
effects on other loci observed with the doubled concentration.
The PCR cycling parameters for the new YTPA-v2 procedure were also altered in
order to determine the optimum conditions for allele recovery. The primer mix with
doubled DYS458, DYS391, and DYS385 was used to test the results of changing the
annealing temperature from a constant 60 °C for every cycle to starting at 55 °C for the first
cycle and increasing by 0.4 °C each cycle. The allele recovery at each locus was improved
after altering the annealing temperature, which was particularly visible at DYS392. The
primer mix with doubled DYS392 was also tested with the altered annealing temperature,
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but overall allele recovery was worsened, so the original DYS392 primer concentration was
maintained. The samples were also amplified with an additional cycle for YTPA-v2 (16
instead of the original 15), and overall allele recovery was not as high as with 15 cycles, so
the 15 cycles with increasing annealing temperature each cycle were maintained. Table 5
provides the average allele recoveries for each change made to the YTPA-v2 procedure.
Both the doubling of DYS458, DYS391, and DYS385 and the adjustment of the annealing
temperature to 55°C plus 0.4°C per cycle resulted in higher allele recovery on average (13
and 12 out of 27 alleles respectively for a 5 pg input).
The pie charts in Figures 13 (10 pg) and 14 (5 pg) provide a breakdown of what
percentage of samples tested in each category (no YTPA-v2, original YTPA-v2 conditions,
and optimized YTPA-v2 conditions) fall into each level of allele recovery. With the
optimized conditions, a larger percentage of the samples fall into the top two levels (16/27
alleles recovered or more) of allele recovery than with the original conditions. This is the
case for 70 percent of 10 pg samples and 31 percent of 5 pg samples. The vast majority of
samples without YTPA-v2 gave no profiles at all (83 percent for a 10 pg input and 88
percent for a 5 pg input), so there is a clear improvement in allele recovery with YTPA-v2
versus standard single-amplification STR procedures. The boxplots in Figure 15 show the
range of alleles recovered without YTPA-v2 (Yfiler™ Plus alone), with original YTPA-v2
conditions, and with optimized YTPA-v2. Each of the three categories is represented by a
different colored boxplot, and the clusters of boxplots are separated by the input of DNA.
The median allele recovery (middle line of the box), is higher for optimized YTPA-v2, more
noticably at 10 pg with a difference of approximate 5 alleles recovered than at 5 pg. The
interquartile range is also smaller for optimized YTPA-v2 at 10 pg, and the same size at 5
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pg. This indicates that the allele recovery is more consistent across all samples tested at 10
pg, meaning that the optimized procedure provides more reliably high recovery at 10 pg,
and generally higher recovery at 5 pg as well.
Figures 16 (10 pg) and 17 (5 pg) provide example Y-STR profiles with and without
optimized YTPA-v2. Again, there is clear improvement in allele recovery for minute male
DNA samples with YTPA-v2 versus Yfiler™ Plus alone. The prominent peak at DYS392 is an
example of the improved amplification at the DYS392 locus with the annealing temperature
adjusted to 55°C plus 0.4°C per cycle as opposed to the original annealing temperature of
60°C. This improved recovery was observed even with the orginal concentration of the
DYS392 primers. Even with optimized conditions for YTPA-v2, pull up still occurred, as is
also evidenced in Figures 16 and 17. As mentioned previously, pull up is a concern as it
makes interpretation of the resulting profile more difficult, particularly in the case of mixed
profiles. Often times, pull up peaks will even fall within the bins for a particular allele,
causing them to be called as a true allelic peak by the computer program (such as
GeneMapper™).

Although

pull

up

was

present

in

the

electropherograms, the true profiles were still able to be identified.
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optimized

YTPA-v2

Table 5. Average Allele Recovery for 10 and 5 pg Samples Without and With YTPA-v2 With Various Adjustments . Male
blood (N=8) and semen (N=5) samples were extracted using a silica based or organic DNA extraction. Ten and five picograms
of each sample were then amplified without YTPA-v2 and with various versions of YTPA-v2. The average alleles recovered
after each adjustment (both concentration adjustments and cycling parameter adjustments) to YTPA-v2 are shown.
Average Alleles Recovered After Various Adjustments to Pre-amplification
Input

No Preamplification

Original
Conditions

10 pg
5 pg

1
1

17
11

Annealing Temp
55°C +0.4°C per
Cycle
19
12

Pre-amplification Conditions
Annealing Temp 55°C Annealing Temp 55°C
+0.4°C per Cycle –
+0.4°C per Cycle –
Doubled 392
Extra Cycle
16
16
9
9
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Doubled
458, 391,
385
20
13

Doubled
392
17
9

Inbetween
392
15
10

4%

a)

b)

10%

13%
10%

40%

10%

83%

30%

c)

15%

21-27
16-20

15%

11-15
54%

6-10
1-5

16%

No Profile

Figure 13. Comparison of Allele Recovery for 10 pg Samples With and Without YTPAv2 (Original and Optimized Parameters). Male blood (N=8) and semen (N=5) samples
were extracted using a silica based or organic DNA extraction. A 10 pg input of the samples
was then amplified with Yfiler™ Plus alone (a), with the original parameters for YTPA-v2
(b), and with the optimized parameters for YTPA-v2 (c). Each range of alleles recovered is
represented by a colored slice of the pie chart. The maximum allele recovery for YTPA-v2Yfiler™ Plus is 27. The percentages of samples that fall into each allele recovery range are
provided on top of each segment of the chart.
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12%

a)

10%

b)
30%

10%

20%
88%

30%

c)

15%

8%

21-27

23%

16-20
11-15
6-10

39%

15%

1-5
No Profile

Figure 14. Comparison of Allele Recovery for 5 pg Samples With and Without YTPAv2 (Original and Optimized Parameters). Male blood (N=8) and semen (N=5) samples
were extracted using a silica based or organic DNA extraction. A 5 pg input of the samples
was then amplified with Yfiler™ Plus alone (a), with the original parameters for YTPA-v2
(b), and with the optimized parameters for YTPA-v2 (c). Each range of alleles recovered is
represented by a colored slice of the pie chart. The maximum allele recovery for YTPAv2/Yfiler™ Plus is 27. The percentages of samples that fall into each allele recovery range
are provided on top of each segment of the chart.
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Figure 15. Box Plot Summary of Allele Recovery for 5 and 10pg Samples Without
YTPA-v2, With Original YTPA-v2 Parameters, and with Optimized YTPA-v2
Parameters. Male blood (N=8) and semen (N=5) samples were extracted using a silica
based or organic DNA extraction. Five and ten picogram inputs of the samples were then
amplified with Yfiler™ Plus alone , with the original parameters for YTPA-v2, and with the
optimized parameters for YTPA-v2 (c). Each set of YTPA-v2 parameters is represented by a
colored boxplot. The maximum allele recovery for YTPA-v2/Yfiler™ Plus is 27. Outliers (Q11.5(IQR), Q3 + 1.5(IQR)) are marked by a circle ( ), and extreme outliers (Q1-3(IQR), Q3 +
3(IQR))are marked by a star (*).
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a)

b)

Figure 16. Comparison of 10 pg Input of Male DNA With and Without Optimized YTPA-v2. A male blood sample was
extracted with an organic DNA extraction, and a ten picogram input was amplified with Yfiler™ Plus alone (a), as well as with
optimized YTPA-v2 followed by Yfiler™ Plus (b). The maximum allele recovery is 27. The loci in each electropherogram are
separated by dye color: the blue channel (6-FAM), the green channel (VIC), the yellow channel (NED), the red channel (TAZ),
the purple channel (SID), and the orange channel for the size standard (LIZ). The x-axis shows size in base pairs, and the Yaxis shows relative fluorescence units (RFUs). The box below each allelic peak provides the allele call and peak height for that
peak. Instances of pull up are marked by a blue star (*).
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a)

b)

Figure 17. Comparison of 5 pg Input of Male DNA With and Without Optimized YTPA-v2 Using Platinum™ Hot Start. A
semen sample was extracted with a silica based DNA extraction, and a five picogram input was amplified with Yfiler™ Plus
alone (a), as well as with optimized YTPA-v2 followed by Yfiler™ Plus (b). The maximum allele recovery is 27. The loci in each
electropherogram are separated by dye color: the blue channel (6-FAM), the green channel (VIC), the yellow channel (NED),
the red channel (TAZ), the purple channel (SID), and the orange channel for the size standard (LIZ). The x-axis shows size in
base pairs, and the Y-axis shows relative fluorescence units (RFUs). The box below each allelic peak provides the allele call and
peak height for that peak. Instances of pull up are marked by a blue star (*).
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Validation Studies
The optimized YTPA-v2 procedure was validated through the testing of various
types of samples including female samples, mixed samples, male buccal swabs, samples
exposed to degradative environmental conditions, and touch DNA samples. The first of
these sample types was female DNA samples (female buccal and vaginal swabs) of various
input volumes ranging from 1 ng to approximately 150 ng (the full sample volume of 7.5
µL was used for the upper end of the input range). YTPA-v2 ideally would not amplify
female DNA, so no Y-STR profile should be obtained from female samples. Figure 18
provides the profiles for two female DNA samples amplified with YTPA-v2 and Yfiler™
Plus. One is an input of 1 ng, and the other is an input of 150 ng (approximately 25,000
cells). No amplification was observed in any female samples, even with high inputs such as
150 ng. The previously mentioned red artifact peak at 409 bp was observed in the 150 ng
sample. This artifact peak, again, is outside of marker range and does not interfere with
analysis of a male Y-STR profile.
The female DNA samples of various inputs were tested alone (single-source female
samples) to determine that the YTPA-v2 target sequences were indeed specific to the Ychromosome. Female DNA would ideally not be amplified by primers designed to be used
for nested PCR with a commercial Y-STR amplification kit such as Yfiler™ Plus. The goal
was that even large quantities of female DNA (that of 25,000 cells or more) would produce
no profiles on their own, so that if female DNA were present in a mixed evidentiary
sample, only a profile from the male fraction of the sample could be expected. In sexual
assault DNA sample analysis, Y-STR analysis allows for a profile for a male perpretrator to
be obtained without the need for a physical separation of the male and female fractions
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prior to PCR. The lack of amplification in the female profiles shown in Figure 18
demonstrates that the YTPA-v2 primers may be used to successfully amplify minute
amounts of male DNA (5 pg or less than one diploid cell) without amplifying even several
thousand cells worth of female DNA.
Mixture sets including male-male and male-female mixtures were tested. The goal
of testing male-male mixture sets was to demonstrate whether 5 pg of male DNA could be
detected even in the presence of male DNA from a different contributor (even in the
presence of significantly more DNA from the other contributor). In some cases, multiple
males may be involved in a sexual assault, and it was then important to show that YTPA-v2
could be used to obtain the profiles of multiple males simultaneously. While male and
female fractions can sometimes be separated prior to PCR through differentlal extraction,
no such technique exists for separating multiple male samples. It is important that the
profiles of each male involved are distinctly visible in the electropherogram of the mixed
sample. As for the male mixture sets, three sets of mixtures were made using the following
ratios for each set: minor contributor as 1/2 of total DNA input using 5 pg of input DNA
from each male, the minor contributor as 1/2 of total using 10 pg of input DNA from each
male, the minor contributor as 1/5 of the total using 5 pg of the minor contributor and 20
pg of the major contributor, and the minor contributor as 1/10 of the total DNA input
using 5 pg of the minor contributor and 45 pg of the major. One set consisted of two blood
samples, one was one blood sample and one semen sample, and the third was two semen
samples. Figure 19 shows the alleles recovered for each of the mixture sets, with and
without YTPA-v2. A small fraction of each set consisted of shared alleles between
contributors,

so

the

shared

alleles
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were

pulled

out

of

the

number

a)

b)

*

Figure 18. Comparison of High and Low Inputs of Female DNA Samples Amplified with optimized YTPA-v2. Female
buccal (N=3) and vaginal swab (N=4) samples were extracted with a silica based DNA extraction. For each sample, a full
volume (7.5 µL) of sample was added to the YTPA-v2 amplification, followed by amplification with Yfiler™ Plus. For two of the
samples, a range of inputs from 1 ng to 100 ng was tested in addition to the full volume, where the maximum input tested was
approximately 150 ng. Results are provided for both a 150 ng input (a) and a 1 ng input (b) of a vaginal swab. The loci in each
electropherogram are separated by dye color: the blue channel (6-FAM), the green channel (VIC), the yellow channel (NED),
the red channel (TAZ), the purple channel (SID), and the orange channel for the size standard (LIZ). The x-axis shows size in
base pairs, and the Y-axis shows relative fluorescence units (RFUs). The box below each allelic peak provides the allele call and
peak height for that peak. The (*) represents a female DNA amplification product that is outside of marker range (~409 bp)
and therefore does not interfere with profile interpretation.
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of alleles recovered from each contributor. The shared alleles could not definitively be
assigned to one contributor or the other in the mixture profile. The alleles recovered
without YTPA-v2 are on the top of the figure, and the results with YTPA-v2 are on the
bottom. While profiles were obtained for the major contributor without YTPA-v2, the
minor contributor was not detected in most samples without YTPA-v2. In contrast,
discriminatory profiles were obtained for both the major and the minor contributor for all
samples with YTPA-v2. In a majority of samples (with some exceptions), a trend was
observed whereby as the minor contributor input decreased, allele recovery remained
approximately the same. The range of allele recovery where the minor contributor
comprised the smallest fraction of the input (1/10) was 12 to 18 alleles unique to the
minor contributor recovered. Though there were some fluctuations in minor contributor
alleles recovered, even the smallest recovery was still within the range of allele recovery
observed for single-source 5 pg male DNA samples, with 12 alleles recovered being the
average for single-source samples. Even in the presence of significantly larger quantities of
DNA from another male contributor, average allele recovery was observed for 5 pg of male
DNA.
Figure 20 provides example profiles from the same mixture set. The first profile was
obtained from 10 pg of each male (minor contributor was ½ of the total input of DNA), and
the second profile was obtained from 5 pg of the minor contributor and 45 pg of the major.
The pull-up in each profile is the result of higher inputs of male DNA into the YTPA-v2
amplification. In the first profile, where the minor contributor comprised half of the input
of DNA, peak heights are similar between the two alleles at loci in which the contributors
have differing profiles. Each of the two contributors is clearly and equally represented in
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the mixed profile. In the second profile, in which the minor contributor comprised only a
tenth of the total input, peak heights are less balanced, with the minor contributor’s alleles
less than half the height of the major contributor. While an imbalance in representation is
evident, most of the minor contributor’s alleles were still detected.
Male-female mixture sets were also tested to ensure that male DNA (and male DNA
alone) could be amplified with YTPA-v2 even in the presence of large quantities of female
DNA. The majority of sexual assault samples (vaginal swabs in particular) are comprised of
large amounts of female DNA from the victim, and minute amounts of male DNA from the
perpetrator. For such samples, the ability to detect the male DNA even in the presence of
large quantities of female DNA is vital, and the female DNA must not be amplified when YSTR analysis is performed. The male-female mixtures were tested in this study with the
goal of demonstrating that male DNA could be amplified with YTPA-v2 without the
amplification of the female DNA, and that high inputs of female would not greatly impact
the recovery of the Y-STR profile. Four male-female mixture sets were tested with the
following male:female DNA input ratios: 1:1000 (5 pg of male DNA, 5 ng of female DNA),
1:10,000 (5 pg of male DNA, 50 ng of female DNA), and 1:100,000 (5 pg of male DNA, 500
ng of female DNA) made using a 5 pg input of male DNA; and 1:500 (10 pg of male DNA, 5
ng of female DNA), 1:5,000 (10 pg of male DNA, 50 ng of female DNA), and 1:50,000 (10 pg
of male DNA, 500 ng of female DNA) made using a 10 pg input of male DNA. All mixtures
were tested with and without YTPA-v2.

60

Figure 19. Allele Recovery for Male-Male Mixtures (Minor = 1/2, 1/5, and 1/10 of Total DNA Input) with and without
YTPA-v2. Male blood (N=3) and semen (N=3) samples were extracted with a silica based or organic DNA extraction. Three
sets of mixtures were made using the following ratios for each set: minor as 1/2 of total DNA input (5 pg of each male), minor
as 1/2 of total (10 pg of each male), minor as 1/5 of the total (5 pg of one male, 20 pg of the other), and minor as 1/10 of the
total DNA input (5 pg of one male and 45 pg of the other). These three mixture sets were amplified with Yfiler™ Plus only (Set
1 (a), Set 2 (b) and Set 3 (c)), as well as with YTPA-v2 followed by Yfiler™ Plus (Set 1 (d), Set 2 (e), Set 3, (f)). In each case, the
two male donors shared profiles for a small fraction of the 27 Yfiler™ Plus loci. The allele recovery for the shared alleles is
shown in blue, the alleles recovered for the major contributor is shown in blue, and the allele recovery for the minor
contributor is shown in green.
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a)

b)

Figure 20. Comparison of Electropherograms for Male-Male Mixture Where Minor Contributor is 1/2 and 1/10 of the
Total DNA Input. Male blood (N=3) and semen (N=3) samples were extracted with a silica based or organic DNA extraction.
Three sets of mixtures were made using the following ratios for each set: minor as 1/2 of total DNA input (5 pg of each male),
minor as ½ of total (10 pg of each male), minor as 1/5 of the total (5 pg of one male, 20 pg of the other), and minor as 1/10 of
the total DNA input (5 pg of one male and 45 pg of the other). The mixtures were amplified with Yfiler™ Plus alone, as well as
with YTPA-v2 followed by Yfiler™ Plus. Results are shown for a mixture where the minor contributor is ½ of the total DNA
input (10 pg of each male) (a), and where the same minor contributor is 1/10 of the total (b). The loci in each
electropherogram are separated by dye color: the blue channel (6-FAM), the green channel (VIC), the yellow channel (NED),
the red channel (TAZ), the purple channel (SID), and the orange channel for the size standard (LIZ). The x-axis shows size in
base pairs, and the Y-axis shows relative fluorescence units (RFUs). The box below each allelic peak provides the allele call and
peak height for that peak. Instances of pull up are marked by a blue star (*).
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Figure 21 provides the male allele recovery with and without YTPA-v2 for the
mixtures made with 5 pg of male DNA, and Figure 22 provides the same results for the
mixtures made with 10 pg of male DNA. For both figures, the first column shows the
average allele recovery for a single-source male DNA sample of the same input, as
determined in the optimization part of the study. Without YTPA-v2, allele recovery was
only observed in two of the 5 pg and five of the 10 pg samples tested, and only very
partially. In contrast, allele recovery similar to that of single-source male DNA samples was
observed for all samples with YTPA-v2. In a few of the mixture sets, an increase fraction of
female DNA actually corresponded with an increase in Y-STR profile recovery (from 15 to
26 alleles recovered for 10 pg of male DNA in the second mixture set). In other samples, a
slight decrease in or maintainance of allele recovery was observed with an increase in
female DNA, indicating that the presence of female DNA may have a minor impact on allele
recovery for the male fraction. Further investigation would be required to determine the
reason for the differences in allele recovery between the male:female mixture sets. In any
case, the allele recovery is within the observed range for single-source male DNA samples
amplified with optimized YTPA-v2 (see Figure 15).
Figure 23 shows the recovered profiles from a 5 pg input of male DNA amplified
with YTPA-v2 and Yfiler™. The first profile was recovered from the 5 pg input of the semen
sample in the absence of female DNA, and the second profile was obtained from the same
semen sample amplified in the presence of 500 ng of female DNA. In both cases, a large
portion of the profile was obtained. However, the full profile was even obtained for this
sample in the presence of female DNA. The peak marked with a green star is the red artifact
peak previously mentioned at a size of approximately 409 bp. Some pull up is observed in
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both profiles. The observed full Y-STR profile and lack of observed amplification of the
female DNA in Figure 23 indicates that trace amounts of male DNA can be detected and
amplified using YTPA-v2 even in the presence of very high quantities of female DNA. YTPAv2 could then be used with vaginal swab samples in sexual assault casework to obtain a YSTR profile for the male fraction without having to separate the minute male and excess
female fractions from each other through means such as differential extraction which could
result in loss of a portion of the male fraction.
In order to ensure that the YTPA-v2 method was successful for male DNA regardless
of body fluid type, male buccal swabs extracted with the QiAmp DNA Investigator
extraction kit were tested. Semen and blood are not the only potential sources of male DNA
in sexual assault forensic casework. For that reason, the testing of a third common body
fluid source, male buccal swabs, was important to show that the YTPA-v2 method is Ychromosome specific, but is not specific to a limited variety of male DNA sources. Five and
10 pg inputs of the DNA extracted from the buccal swabs were amplified with Yfiler™ Plus,
with and without YTPA-v2. The average alleles recovered for each input were recorded,
and Figure 24 provides a comparison of the alleles recovered for each of the male body
fluid sample types tested (male buccal, male blood, and semen). The allele recovery with
and without YTPA-v2 is provided. The top bar graphs provide the allele recovery for the 10
pg input, while the bottom shows the recovery for the 5 pg input of DNA. While there are
some minor differences in average allele recovery between the three sample types, the
recovery was still similar among the three body fluid types. YTPA-v2 can then be used to
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Figure 21. Alleles Recovered for Male-Female Mixtures with Male:Female Ratios of 1:1000, 1:10,000, and 1:100,000
with and without YTPA-v2. Male blood (N=2), semen (N=2), and vaginal swabs (N=3) were extracted with a silica based or
organic DNA extraction. Pairs of one male and one female sample were mixed in the following male:female ratios: 1:1000 (5 pg
of male DNA, 5 ng of female DNA), 1:10,000 (5 pg of male DNA, 50 ng of female DNA), and 1:100,000 (5 pg of male DNA, 500 ng
of female DNA). These mixture sets were amplified with Yfiler™ Plus only, as well as with YTPA-v2 followed by Yfiler™ Plus.
The results provided for each individual set of male and female samples tested (Set 1 (a), Set 2 (b), Set 3 (c), and Set 4 (d)). The
allele recovery without YTPA-v2 is shown in blue, and the allele recovery with YTPA-v2 is shown in red. The results for 5 pg of
the same male used in each set in the absence of female DNA is also provided for comparison. The maximum allele recovery
for YTPA-v2/Yfiler™ Plus is 27.
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Figure 22. Alleles Recovered for Male-Female Mixtures with Male:Female Ratios of 1:500, 1:5,000, and 1:50,000 with
and without YTPA-v2. Male blood (N=2), semen (N=2), and vaginal swabs (N=3) were extracted with a silica based or organic
DNA extraction. Pairs of one male and one female sample were mixed in the following male:female ratios: 1:500 (10 pg of male
DNA, 5 ng of female DNA), 1:5,000 (10 pg of male DNA, 50 ng of female DNA), and 1:50,000 (10 pg of male DNA, 500 ng of
female DNA). These mixture sets were amplified with Yfiler™ Plus only, as well as with YTPA-v2 followed by Yfiler™ Plus. The
results provided for each individual set of male and female samples tested (Set 1 (a), Set 2 (b), Set 3 (c), and Set 4 (d)). The
allele recovery without YTPA-v2 is shown in blue, and the allele recovery with YTPA-v2 is shown in red. The results for 10 pg
of the same male used in each set in the absence of female DNA is also provided for comparison. The maximum allele recovery
for YTPA-v2/Yfiler™ Plus is 27.
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a)

b)

*

Figure 23. Comparison of Electropherograms for 5 pg Male DNA Sample in the Presence of and in the Absence of
Female DNA After YTPA-v2 Pre-amplification. Male blood (N=2), semen (N=2), and vaginal swabs (N=3) were extracted
with a silica based or organic DNA extraction. Pairs of one male and one female sample were mixed in the following
male:female ratios: 1:500 (10 pg of male DNA, 5 ng of female DNA), 1:5,000 (10 pg of male DNA, 50 ng of female DNA), and
1:50,000 (10 pg of male DNA, 500 ng of female DNA). These mixture sets were amplified with Yfiler™ Plus only, as well as with
YTPA-v2 followed by Yfiler™ Plus. The results for a 5 pg semen sample amplified with YTPA-v2 in the absence of (a) and in the
presence of 500 ng of female DNA (b) are shown. The loci in each electropherogram are separated by dye color: the blue
channel (6-FAM), the green channel (VIC), the yellow channel (NED), the red channel (TAZ), the purple channel (SID), and the
orange channel for the size standard (LIZ). The x-axis shows size in base pairs, and the Y-axis shows relative fluorescence
units (RFUs). The box below each allelic peak provides the allele call and peak height for that peak. Instances of pull up are
marked by a blue star (*).The (*) represents a female DNA amplification product that is outside of marker range (~409 bp)
and therefore does not interfere with profile interpretation.
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successfully obtain probative Y-STR profiles from minute quantities of male DNA,
regardless of body fluid type.
Figure 25 gives the profiles of 10 pg and 5 pg inputs of a male buccal swab. The
electropherogram on the left was obtained using a 10 pg input, and the electropherogram
on the right was obtained with a 5 pg input. For the 5 pg input, 10 out 27 alleles were
recovered, and 14 out of 27 alleles were recovered for the 10 pg input. The allele recovery
for both inputs is within the range observed for blood and semen samples amplified with
optimized YTPA-v2 (see Figure 15). In these particular profiles, no pull up was observed.
However, it is likely that pull-up would still be observed even with 10 and 5 pg inputs if
more samples were tested. Regardless, discriminatory profiles can be obtained using YTPAv2 with a variety of body fluid sources.
Next, male blood and semen samples that had been exposed to degradative
environmental conditions were tested. The environmentally compromised samples tested
simulate body fluids on various fabric types collected as evidence long after a crime has
occurred. For example a clothing item that was not collected for several months may have
been exposed to various temperatures and storage conditions prior to being submitted for
DNA testing. Simulated samples of this type were tested with YTPA-v2 to determine
whether exposure to such conditions has any effect on the recovery of the Y-STR profile.
The following samples were extracted with the QiAmp DNA investigator column extraction:
a blood and semen sample on cotton swabs kept at room temperature for one year, a blood
and a semen sample on denim kept at room temperature for one year, semen samples on
cotton and polyester kept at 37°C for 3 months, and blood samples on cotton kept in the
back seat of a car for 1 week and the trunk of a car for two weeks. A sufficient quantity of
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DNA was extracted from all samples for 10 pg and 5 pg inputs to be tested in addition to
the standard 1 ng of DNA. All degraded samples were from the same donor.
Figure 26 provides the allele recovery for all samples exposed to each
environmental condition. For the sake of clarity, each degraded sample was given an
abbreviated name with letters representing the conditions they were exposed to: cotton
(C), denim (D), or polyester (P) as the material on which the stain was dried; the
temperature the stain was exposed to (room temperature (RT) or 37°C (37)); and the time
each was exposed for (one year (1yr), three months (3mo), or one or two weeks (1wk or
2wks). For the car samples, the word “Car” was included, as well as the location within the
car where the stain was stored (back seat (BS) or trunk (T)). Both the allele recovery with
and without YTPA-v2 are shown by different colored bar graphs. The top charts provide
the results for a 10 pg input, and the bottom charts show the results for a 5 pg input of
DNA. At the end of each graph, an additional column is provided with the average allele
recovery for male blood and semen samples that were not exposed (shortened to NE) to
environmental conditions. Without YTPA-v2, no profile was observed for most samples,
with very partial profiles obtained for five 10 pg and four 5 pg samples (less than 5 alleles
recovered). For the 10 pg input samples with YTPA-v2, all appear to give similar allele
recovery to the average for the non-exposure samples (19 to 21 alleles recovered out of
27). However, at 5 pg of input DNA, some differences are evident. Exposure to higher
temperatures for extended periods of time (37°C for three months and the trunk of a car
for two weeks) appears to result in lower allele recovery (6 to 8 alleles out of 27 as
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Figure 24. Comparison of Average Allele Recovery for 10 and 5 pg of Three Male
Bodily Fluid Types (Saliva, Blood, and Semen) With and Without YTPA-v2. DNA was
extracted from male saliva (N=2), male blood (N=8), and semen (N=5) samples using a
silica based or organic DNA extraction. Both 10 (a) and 5 pg (b) inputs were tested for each
sample, and the average allele recovery for each sample type at each input is provided. For
each sample type, the average alleles recovered without YTPA-v2 is shown in blue (samples
amplified only with Yfiler™ Plus) and average alleles recovered with YTPA-v2-Yfiler™ Plus
amplification (maximum allele recovery = 27) is shown in red.
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a)

b)

Figure 25. DNA Profile for 10 and 5 pg Male Buccal Swab Sample Amplified with YTPA-v2/Yfiler™ Plus. A male buccal
swab was extracted with a silica based DNA extraction. Ten and five picograms were amplified with YTPA-v2 and Yfiler™ Plus.
The results for 10 pg (a) and 5 pg (b) are shown. The maximum allele recovery for YTPA-v2/Yfiler™ Plus is 27. The loci in each
electropherogram are separated by dye color: the blue channel (6-FAM), the green channel (VIC), the yellow channel (NED),
the red channel (TAZ), the purple channel (SID), and the orange channel for the size standard (LIZ). The x-axis shows size in
base pairs, and the Y-axis shows relative fluorescence units (RFUs). The box below each allelic peak provides the allele call and
peak height for that peak.
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opposed to the average NE recovery of 12 out of 27). In addition, the samples on denim
exposed to the same conditions as those on cotton (room temperature for one year) did
have slightly lower allele recovery on average, though it was still similar to the average for
the non-exposure samples. Table 6 provides a different way of visualizing the allele
recovery results with and without YTPA-v2, and it also provides information on what
sample types were exposed to each environmental condition (blood, semen, or both). For a
10 pg input, degradative environmental conditions do not appear to affect the results
obtained with YTPA-v2. However, when 5 pg of DNA is tested, the level of degradation of
the sample seemingly has a greater impact on the allele recovery for that sample.
Regardless of the impact of degradation, allele recovery with YTPA-v2 is consistently
significantly higher than without.
Figures 27 through 32 provide example profiles obtained from 5 (left) and 10
(right) pg inputs of male DNA exposed to each environmental condition. Figure 27 shows
the profile of a sample on cotton exposed to room temperature for one year. Allele recovery
is similar to the average non-exposure values (18 out of 27 for 5 pg and 19 out of 27 for 10
pg), and instances of pull up are minimal. Figure 28 shows the profile of a sample on denim
kept at room temperature for one year. Allele recovery is still similar to the non-exposure
average, though it is lower than for cotton at 5 pg of input (14 out of 27 for 5 pg, 23 out of
27 for 10 pg). Instances of pull up are slightly higher especially in the 10 pg input sample.
Figure 29 shows the profile of a semen sample kept at 37°C for 3 months. Allele recovery,
particularly for the 5 pg input (7 out of 27), is lower than the previous two samples, as well
as the non-exposure average value of 12 out of 27. The allele recovery at 10 pg was 20 out
of 27, similar to the NE average of 19 out of 27). Pull up was not observed. Figure 30 shows
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the profile for a sample on polyester kept at 37°C for 3 months. The allele recovery for this
sample is very similar to that of the sample on cotton kept in the same conditions – 8 out of

Figure 26. Comparison of Alleles Recovered for 10 and 5 Picograms of Various
Degraded Male DNA Samples and the Average for Non-Exposure Samples With and
Without YTPA-v2. Several degraded male blood and semen samples, as well as nonexposure (NE) male blood and semen samples were extracted using a silica based DNA
extraction. Each degraded sample was given a shortened name with letters representing
different conditions: cotton (C), denim (D), or polyester (P) as the material on which the
stain was dried; the temperature the stain was exposed to (room temperature (RT) or 37°C
(37)); and the time each was exposed for (one year (1yr), three months (3mo), or one or
two weeks (1wk or 2wks). For the car samples, the word “Car” was included, as well as the
location within the car where the stain was stored (back seat (BS) or trunk (T)). Each of the
following were tested: C-RT-1yr (N=2), D-RT-1yr (N=2), C-37-3mo (N=1), P-37-3mo (N=1),
Car-BS-1wk (N=1), and Car-T-2wks (N=1). For all samples, 10 (a) and 5 (b) pg inputs were
tested with Y-TPA followed by Yfiler™ Plus amplification, as well as with Yfiler™ Plus
amplification only. For the non-exposure samples, the average allele recovery for each
input was found and used for comparison with the degraded samples. The allele recovery
without YTPA-v2 is shown in blue, and the allele recovery with YTPA-v2 is shown in red.
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27 alleles recovered at 5 pg, 21 out of 27 alleles recovered at 10 pg. The allele recovery is
also lower than the average for the non-exposure samples (12 out of 27) for the 5 pg input.
Pull up was observed but was minimal. Figure 31 shows the profiles for the sample kept in
the back seat of a car for 1 week (13 out of 27 for 5 pg and 19 out of 27 for 10 pg), and
Figure 32 shows the profile for the sample kept in the trunk of the car for two weeks (6 out
of 27 alleles recovered for 5 pg, 19 out of 27 for 10 pg). The allele recovery for the car back
seat sample is close to the average for non-exposure samples at both inputs. However, the
sample from the trunk of the car had lower recovery for 5 pg of input. This is likely due to a
longer exposure time (2 weeks versus just 1), as well as heat from the outside being
trapped in the trunk of the car. Pull up was observed for both the car back seat and the car
trunk sample profiles. Overall, exposure to higher temperatures does seem to have an
effect on allele recovery, and the affect of temperature appears to be more significant than
the effect of fabric type.
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Table 6. Body Fluid Types Tested and Average Allele Recovery for 10 and 5 Picogram
Degradation Samples Amplified with YTPA-v2. Several degraded male blood and semen
samples were extracted using a silica based DNA extraction. Each of the following were
tested: cotton, room temperature, 1 year (N=2); denim, room temperature, 1 year (N=2);
cotton, 37°C, 3 months (N=1); polyester, 37°C, 3 months (N=1); car back seat, 1 week
(N=1); and car trunk, 2 weeks (N=1). For all samples, 10 and 5 pg inputs were tested with
YTPA-v2 followed by Yfiler™ Plus amplification, as well as with Yfiler™ Plus amplification
only. The body fluid types tested for each condition and allele recoveries for 10 and 5 pg
are provided.

Storage
Condition
Cotton, Room
Temp., 1 Year
Denim, Room
Temp, 1 Year
Cotton, 37°C,
3 Months
Polyester,
37°C, 3
Months
Car Back Seat,
1 Week
Car Trunk, 2
Weeks

Body Fluid
Types
Tested

With YTPA-v2
Average
Average
Alleles
Alleles
Recovered – Recovered
10pg
– 5pg

Without YTPA-v2
Average
Average
Alleles
Alleles
Recovered Recovered
– 10pg
– 5pg

Blood, Semen

20

16

3

1

Blood, Semen

20

13

1

2

Semen

20

7

0

0

Semen

21

8

1

1

Blood

19

13

1

0

Blood

19

6

0

0
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a)

b)

Figure 27. Example Electropherograms of 5 and 10 Picogram Male DNA Sample Stored on Cotton at Room
Temperature for 1 Year Amplified with YTPA-v2. A male blood sample stored on cotton at room temperature for one year
was extracted with a silica based DNA extraction. Five (a) and ten (b) picograms of the sample were amplified with YTPA-v2
followed by Yfiler™ Plus amplification. The results for both inputs is shown. The loci in each electropherogram are separated
by dye color: the blue channel (6-FAM), the green channel (VIC), the yellow channel (NED), the red channel (TAZ), the purple
channel (SID), and the orange channel for the size standard (LIZ). The x-axis shows size in base pairs, and the Y-axis shows
relative fluorescence units (RFUs). The box below each allelic peak provides the allele call and peak height for that peak.
Instances of pull up are marked by a blue star (*).
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a)

b)

Figure 28. Example Electropherograms of 5 and 10 Picogram Male DNA Sample Stored on Denim at Room
Temperature for 1 Year Amplified with YTPA-v2. A male blood sample stored on denim at room temperature for one year
was extracted with a silica based DNA extraction. Five (a) and ten (b) picograms of the sample were amplified with YTPA-v2
followed by Yfiler™ Plus amplification. The results for both inputs is shown. The loci in each electropherogram are separated
by dye color: the blue channel (6-FAM), the green channel (VIC), the yellow channel (NED), the red channel (TAZ), the purple
channel (SID), and the orange channel for the size standard (LIZ). The x-axis shows size in base pairs, and the Y-axis shows
relative fluorescence units (RFUs). The box below each allelic peak provides the allele call and peak height for that peak.
Instances of pull up are marked by a blue star (*).
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a)

b)

Figure 29. Example Electropherograms of 5 and 10 Picogram Male DNA Sample Stored on Cotton at 37°C for 3 Months
Amplified with YTPA-v2. A semen sample stored on cotton at 37°C for 3 months was extracted with a silica based DNA
extraction. Five (a) and ten (b) picograms of the sample were amplified with YTPA-v2 followed by Yfiler™ Plus amplification.
The results for both inputs is shown. The loci in each electropherogram are separated by dye color: the blue channel (6-FAM),
the green channel (VIC), the yellow channel (NED), the red channel (TAZ), the purple channel (SID), and the orange channel for
the size standard (LIZ). The x-axis shows size in base pairs, and the Y-axis shows relative fluorescence units (RFUs). The box
below each allelic peak provides the allele call and peak height for that peak.
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a)

b)

Figure 30. Example Electropherograms of 5 and 10 Picogram Male DNA Sample Stored on Polyester at 37°C for 3
Months Amplified with YTPA-v2. A semen sample stored on polyester at 37°C for 3 months was extracted with a silica based
DNA extraction. Five (a) and ten (b) picograms of the sample were amplified with YTPA-v2 followed by Yfiler™ Plus
amplification. The results for both inputs is shown. The loci in each electropherogram are separated by dye color: the blue
channel (6-FAM), the green channel (VIC), the yellow channel (NED), the red channel (TAZ), the purple channel (SID), and the
orange channel for the size standard (LIZ). The x-axis shows size in base pairs, and the Y-axis shows relative fluorescence
units (RFUs). The box below each allelic peak provides the allele call and peak height for that peak. Instances of pull up are
marked by a blue star (*).
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a)

b)

Figure 31. Example Electropherograms of 5 and 10 Picogram Male DNA Sample Stored in the Back Seat of a Car for 1
Week with YTPA-v2. A male blood sample stored in the back seat of a car for 1 week was extracted with a silica based DNA
extraction. Five (a) and ten (b) picograms of the sample were amplified with YTPA-v2 followed by Yfiler™ Plus amplification.
The results for both inputs is shown. The loci in each electropherogram are separated by dye color: the blue channel (6-FAM),
the green channel (VIC), the yellow channel (NED), the red channel (TAZ), the purple channel (SID), and the orange channel for
the size standard (LIZ). The x-axis shows size in base pairs, and the Y-axis shows relative fluorescence units (RFUs). The box
below each allelic peak provides the allele call and peak height for that peak. Instances of pull up are marked by a blue star (*).
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a)

b)
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Figure 32. Example Electropherograms of 5 and 10 Picogram Male DNA Sample Stored in the Trunk of a Car for 2
Weeks with YTPA-v2. A male blood sample stored in the trunk of a car for 2 weeks was extracted with a silica based DNA
extraction. Five (a) and ten (b) picograms of the sample were amplified with YTPA-v2 followed by Yfiler™ Plus amplification.
The results for both inputs is shown. The loci in each electropherogram are separated by dye color: the blue channel (6-FAM),
the green channel (VIC), the yellow channel (NED), the red channel (TAZ), the purple channel (SID), and the orange channel for
the size standard (LIZ). The x-axis shows size in base pairs, and the Y-axis shows relative fluorescence units (RFUs). The box
below each allelic peak provides the allele call and peak height for that peak. Instances of pull up are marked by a blue star (*).
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The final validation samples tested were touch DNA samples collected on sterile
swabs wetted with nuclease-free water from the following locations: buttons on a
microwave, a stairwell door handle, phone buttons, and phone handle, the surface of a
desk, and an elevator hall call button. Each of these touch DNA swabs was extracted with
the QiAmp DNA Investigator kit. The touch DNA samples were tested to demonstrate that
the YTPA method could be used not only on swab samples or stains obtained from directly
depositing body fluids onto a porous surface, but also from the minute amounts of male
DNA obtained from the transferred epithelial cells after a surface has been touched. The
quantity of DNA extracted from the samples was generally low (much too low for the
standard input of 1 ng of DNA for almost all of the samples). Thus, rather than amplifying 5
pg and 10 pg inputs of the samples, the full sample volume (7.5 µL for YTPA-v2, 5 µL for
Yfiler™ Plus without YTPA-v2) was used for each sample. Table 7 provides the DNA inputs
for YTPA-v2 and for Yfiler™ Plus without YTPA-v2 based on each sample’s quantity from
Quantifiler™ Trio. While one sample (the phone buttons) did have a high enough quantity
of DNA for a standard 1ng input, the number of contributors was unknown, and the other
samples were not of sufficient quantity, so the full sample volume was used for all of the
touch DNA samples.
Figure 33 shows the allele recovery with and without YTPA-v2 for each of the touch
DNA samples. The allele recovery without YTPA-v2 is shown in blue, and the recovery with
YTPA-v2 is shown in red. Without YTPA-v2, profiles were obtained for the two highest
input samples (the phone buttons and phone handle). However, it is likely that these two
samples also contained saliva from the phone being held close to the user’s mouth. In that
case, the phone samples would not be considered true touch DNA, while the other four
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samples would. Partial profiles (less than or equal to 5 alleles out of 27) were obtained for
the stairwell door handle and desk. The phone buttons and phone handle, the two samples
with the highest quantities of DNA (and thus the highest inputs) provided full Y-STR
profiles with YTPA-v2 as well. The elevator button and microwave buttons had the two
lowest quantities of DNA and thus the lowest inputs. With the use of YTPA-v2, partial
profiles were obtained for these two samples, for which the inputs of DNA were
approximately 16 and 29 pg of DNA. For the elevator button, only 5 out 27 alleles were
recovered. Although this was not the sample with the lowest male DNA quantity, the
number of contributors for each touch DNA sample was unknown, and it is likely that the
elevator button had been touched by several males. It may be that the alleles recovered for
the elevator button were from one contributor, but that DNA from other contributors was
adding to the quantitation value. In contrast, the phone samples are more likely to be single
source, so it is not surprising that full single-source profiles were obtained.
Figure 34 provides example profiles for the desk top touch DNA sample with and
without amplification with YTPA-v2. Without YTPA-v2, only 3 out of 27 alleles possible
were recovered for the sample. With YTPA-2, however, the allele recovery significantly
increased to 19 out of 27 alleles possible. Because the sample from the desk was an
example of a true touch DNA sample, the alleles recovered for the profiles in Figure 34
indicated that YTPA-v2 can be used to significantly increase the allele recovery for touch
DNA samples, and potentially for other male epithelial cells such as those in non-sperm
male fractions of sexual assault samples.
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Table 7. Male DNA Quantities and Inputs for YTPA-v2 and Yfiler™ Plus for Each of Six
Touch DNA Samples. One touch DNA sample was obtained from each of six locations
(microwave buttons, a stairwell door handle, phone buttons, a phone handle, a desk, and an
elevator hall call button) and extracted with a silica-based DNA extraction. The extracted
DNA was quantified using Quantifiler™ Trio, and the quantity of male DNA is shown. The
samples were then amplified with maximum volumes with YTPA-v2 followed by Yfiler™
Plus and with Yfiler™ Plus alone.

Sample

Quantity (ng/µL)

Input YTPA-v2 – 7.5
µL Max. (ng)

Input Yfiler™ Plus –
5 µL Max. (ng)

Microwave Buttons

0.0021

0.0158

0.0105

Stairwell Door Handle

0.0095

0.0713

0.0475

Phone Buttons

0.2789

2.0918

1.3945

Phone Handle

0.0463

0.3473

0.2315

Desk

0.0147

0.1103

0.0735

Elevator Hall Call
Button

0.0039

0.0293

0.0195
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Alleles Recovered

25
20
15
Without YTPA-v2

10

With YTPA-v2

5
0
Microwave
Buttons

Stairwell Door
Handle

Phone Button

Phone Handle

Desk

Elevator Hall Call
Button

Sample Tested

Figure 33. Comparison of Allele Recovery for a Range of Inputs of Male DNA from Various Touch DNA Samples With
and Without YTPA-v2. DNA samples from the following locations were extracted using a silica based DNA extraction:
microwave buttons, a stairwell door handle, phone buttons, a phone handle, a desk, and an elevator hall call button. For each
location, one sample was obtained and extracted. The full sample volume available for the YTPA-v2 reaction mix (7.5 µL) was
used, resulting in ranges from 0.0158 (microwave buttons) to 2.0918 ng (phone buttons) of DNA input for YTPA-v2 followed
by Yfiler™ Plus amplification, as well as with Yfiler™ Plus amplification alone (maximum volume of 5 µL, resulting in input
range from 0.0105 to 1.3945 ng). The allele recovery without YTPA-v2 is provided in blue, and the allele recovery with YTPAv2 is provided in red. The maximum allele recovery for a single-source sample with or without YTPA-v2 would be 27.
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a)

b)

*

Figure 34. Comparison of Profiles for Desk Top Touch DNA Sample Amplified With and Without YTPA-v2. A touch DNA
sample was obtained from a desk top and extracted with a silica based DNA extraction. The DNA quantities for the touch DNA
samples was generally low, so the full volume of sample available in the YTPA-v2 reaction mix (7.5 µL) was used for YTPA-v2.
The touch DNA samples were amplified with YTPA-v2 followed by Yfiler™ Plus (b), as well as with Yfiler™ Plus alone
(a)(sample volume of 5 µL). The resulting electropherograms are shown. The loci in each electropherogram are separated by
dye color: the blue channel (6-FAM), the green channel (VIC), the yellow channel (NED), the red channel (TAZ), the purple
channel (SID), and the orange channel for the size standard (LIZ). The x-axis shows size in base pairs, and the Y-axis shows
relative fluorescence units (RFUs). The box below each allelic peak provides the allele call and peak height for that peak.
Instances of pull up are marked by a blue star (*).
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CHAPTER FOUR: CONCLUSIONS
In the case of a sexual assault, potential DNA evidence would ideally be collected in a
sexual assault kit immediately and sent into the lab in pristine condition for analysis in
order to easily obtain an autosomal STR and/or Y-STR profile for the perpetrator(s).
However, for various reasons, sexual assaults are often not reported immediately. Instead,
it may take several days for a victim to report the incident and go through an examination
with a sexual assault nurse examiner. In the time between the assault and the reporting of
the assault, the victim may have changed clothes, washed, etc., shortening the time frame
within which viable DNA evidence may be obtained. While sperm has been detected in the
cervix up to 12 days after intercourse, and up to 9 days in the vaginal canal [4,5], DNA
profiles are not often obtained through standard STR methods beyond 6 days after
intercourse [6,7], even in laboratory-controlled samples. The YTPA technique allowed for
Y-STR profiles to be obtained as late as 9 days post-coitus for the first time, but further
optimization was required after the release of more modern and discriminatory kits such
as the Yfiler™ Plus PCR amplification kit.
The purpose of this study was to optimize the YTPA method and to expand upon it
in order to obtain Y-STR profiles that included all 27 loci included in the Yfiler™ Plus PCR
Amplification kit from trace amounts of male DNA, as in extended interval sexual assault
samples. In the first step of the study, five PCR master mix kits were tested in order to
determine the best kit with which to expand the YTPA method. Out of the five kits tested,
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Platinum™ Hot Start provided one of the best results for both allele recovery and average
RFUs. The profile quality was also greater for Platinum™ Hot Start over that of some of the
competition. The Platinum™ Superfi Hot Start kit, though it produced high allele recovery
and the highest RFUs, produced profiles with greater instances of pull up and stutter, and
with inconsistency at the DYS392 locus. Platinum™ Hot Start was selected for the more
consistently high allele recovery and profile quality it provided.
With the Platinum™ Hot Start kit, primers for all 10 of the additional loci included in
Yfiler™ Plus as compared to AmpFlSTR® Yfiler™ were able to be incorporated into the
previously developed primer mix for the Y-targeted pre-amplification. Each newly
designed primer set was tested individually through singleplex PCR with trace male and
high-input female DNA samples. Despite the large amplification products of YTPA-v2, a
representative male was successfully amplified at every locus. No allelic peaks were
detected in any female samples. The newly designed primers for the new YTPA-v2 method
were thus determined to be specific to the Y-chromosome. In the event that female DNA
had been amplified, it would indicate that the primer sequences selected for YTPA-v2 were
not specific to the Y-chromosome alone, and would not have been able to be used in nested
PCR designed for a Y-STR kit. The YTPA-v2 method was then optimized in terms of primer
concentration and PCR cycling parameters, and the optimized YTPA-v2 allowed for
probative (and occasionally full) Yfiler™ Plus profiles to be obtained from as little as 5 pg
(less than one diploid cell) of male DNA extracted from bloodstains and semen samples.
Full Yfiler™ Plus profiles were often obtained with a 10 pg DNA input from the same
samples.
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Once the YTPA-v2 method was optimized, several samples of various types and
conditions were tested in order to validate the method. In the case of male-male mixture
samples of various ratios, probative Y-STR profiles were still obtained from 5 pg of DNA,
even in the presence of as much as 45 pg of DNA from a different male contributor. Minor
decreases in allele recovery were observed between mixtures in which the minor
contributor was ½ of the total input of DNA and mixtures in which the minor contributor
was 1/10 of the total input. However, the decreased allele recovery still fell within the
observed range for 5 pg single-source samples. YTPA-v2 thus proved sensitive enough to
amplify male DNA in the presence of large amounts of DNA from another male contributor.
Male-female mixtures were tested in order to simulate the mixtures commonly
found in sexual assault evidence samples. The ratios of male:female DNA in each mixture
set ranged from 1:500 to 1:100,000. Often times, the male DNA obtained from sexual
assault evidence samples is in the presence of large quantities of female DNA from the
victim’s epithelial cells. The YTPA-v2 method thus had to prove specific enough that even
large quantities of female DNA were not amplified, and sensitive enough that trace
amounts of male DNA were still amplified even in the presence of large quantities of female
DNA. In the four male-female mixture sets tested, two of the sets had increased allele
recovery with increased inputs of female DNA. For the other two sets, a slight decrease in
allele recovery was observed. Allele recovery was close to that of the same input of the
same male sample in the absence of female DNA in most cases, despite the observed
fluctuation in allele recovery. This similar recovery demonstrates that YTPA-v2 is sensitive
enough to amplify as little as 5 pg of male DNA even in the presence of female DNA. No
female DNA was amplified in any mixture sample, demonstrating the specificity of YPTA-v2

89

to Y-chromosomal DNA. Varying inputs of female DNA alone were also tested, and none of
the single-source female samples were amplified, further demonstrating the specificity of
YTPA-v2.
Male buccal swabs were amplified with YTPA-v2 to determine whether body fluid
type had any effect on allele recovery. The three male body fluid types tested (blood,
semen, and male buccal) all had very close levels of allele recovery on average, indicating
that the YTPA-v2 method could be used to amplify trace amounts of male DNA (again 5 pg)
and obtain probative Y-STR profiles regardless of body fluid type. Evidentiary samples
could then be extracted, and, if any male DNA is detected in the quantitation of DNA, that
male DNA would be viable for use with the YTPA-v2 method regardless of the body fluid
source.
Samples exposed to various environmental conditions (different materials,
temperatures, and lengths of time) were amplified with YTPA-v2, and most samples
obtained a similar number of alleles as the average for 5 pg non-exposure samples. These
included both blood and semen on cotton and denim kept at room temperature for one
year, as well a blood sample on cotton kept in the back seat of a car for 1 week. Both the
cotton and denim samples kept at room temperature for one year had similar recovery to
the average for non-exposure samples, but the recovery for denim was slightly lower than
for cotton. Material may have an effect on allele recovery, but further testing would be
required to determine whether that is the case. Other samples tested resulted in lowerthan-average allele recovery at 5 pg of input. These included semen on cotton and
polyester kept at 37 °C for 3 months and a blood sample on cotton kept in the trunk of a car
for 2 weeks. Exposure to higher temperatures may be the cause of this decreased allele
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recovery, but further testing is needed to determine if that is the case. For an input of 10 pg,
allele recovery very close to the non-exposure sample average was observed in all sample
types. YTPA-v2 may still obtain probative profiles from as little as 5 pg of degraded DNA,
and that likelihood is increased with an input of 10 pg of degraded DNA. Partial Y-STR
profiles were obtained from all degraded samples.
The final set of samples analyzed to validate the YTPA-v2 method was touch DNA
samples from various locations with a range of male DNA inputs from 0.0158 ng to 2.0918
ng. For the touch DNA samples, the number of contributors was unknown. Partial Y-STR
profiles were obtained for all touch DNA samples, with full profiles for two of the samples
(phone buttons and phone handle). The microwave button sample had a few loci with pairs
of peaks. While a mixture was a possible explanation for the pairs of peaks, the more likely
explanation was that the peaks were stutter peaks despite close peak heights, as they were
always within one repeat of the other peak. The touch DNA samples provided further
evidence that DNA from male epithelial cells transferred to a surface through physical
contact could be amplified successfully with YTPA-v2, further expanding the potential uses
for the method.
The previously developed YTPA method paved the way for a more individualized
and thus more probative method with all of the Y-STR loci included in the Yfiler™ Plus
amplification kit – YTPA-v2. The inclusion of the additional highly polymorphic loci and the
rapid mutation loci used in the Yfiler™ Plus kit allows for more individualization of Y-STR
profiles, even between father and son. The YTPA-v2 method is capable of obtaining such
individualized profiles with as little as 5 and 10 pg of input male DNA, as is often the
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quantity of male DNA that is able to be extracted from samples obtained in the examination
of a late-reported sexual assault.
While discriminatory partial or even full profiles may be obtained from trace male
DNA samples, further optimization and testing may allow for the recovery of even fuller
profiles, or the recovery of partial profiles with more minute quantities of male DNA.
Obtaining full or partial profiles from less than 5 pg of DNA would allow for the post-coital
interval within which DNA evidence can be collected to be further extended. While
obtaining partial profiles from samples collected up to 9 days post-coitus (as was reported
for YTPA) is a great improvement over standard autosomal STR and Y-STR procedures,
many instances of sexual assault are reported even longer after the sexual assault occurs,
so further increasing the post-coital interval within which DNA evidence can be collected
would be ideal. Further studies as to the effects of various conditions such as prolonged
exposure to high temperatures on the recovery of alleles with YTPA-v2 would also be
beneficial, as previously mentioned.
In summary, the YTPA-v2 methodology allows for the development of probative YSTR profiles from trace amounts of male DNA obtained from a variety of samples. With
further optimization and validation testing, YTPA-v2 could become an integral tool to
provide individualized male-specific profiles with as little as 5 pg of male DNA. This would
allow investigators to more easily find perpetrators and bring justice in sexual assault
cases even in cases in which the assault is reported by the victim long after the
recommended post-coital interval has passed.
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